肺腺癌におけるTGF-β標的遺伝子RBM47の発現と機能の解析 by 櫻井 翼 & sakurai tsubasa
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əƇ  
 Ƃɛ( TGF-βƥǺ RNAȥîXhJɴ$" RBM47<ïģȹɅǷ'8
ƩȽ<ɞƗ	ƬQLO'58ʐ¢ĝ(ȨȯǺɞƗ6ɂǵ(ďĔ'
ʡ;8ɺÅÿĝNrf2<Ðŏ8ÿĝKEAP1$ CUL3(mRNA' RBM47ȥî8
$Ê	/RBM47( knockdown'57 KEAP1$ CUL3(XhJɴ(
ǸǦǑıNrf2(ƥǺʐ¢ĝ(ǸǦď×	ƌ'RBM47( knockdown'
57ȡȼ(ʖȟǉɱʚ$ side populationÊǯ(Õîď×ɂǵďĔ	
6RBM47) Nrf2(Ǆŗ<ţÐɂǵ<ţÐ$ȉû98	 
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Łɫ  
1. TGF-β(ƩȽ$(QKa¢ʊƩƣ  
 TGF-β (transforming growth factor-β) )ÊĝʚȞ 25 kDa(ʚ¥ƣʄ<Ū OA
_GAXhJɴ#7Ƥ&ȣȭ'	"ȡȼʠNv{bLQ}'ʡ
"	8	TGF-β)3$3$ɹĪĕĉą#ƮĺȬȧɏȡȼ(ďƱ<­ʇ8ÿ
ĝ$"ïģ9ȡȼ(Ňɴ<śŗÜ8ÿĝ(˄ #8$ȵ69	
(ŌǼȡȼ'Ĭ8 TGF-β (ďƱţÐ§ǫɚÉ9ɂǵţÐÿĝ$"
ǂǾ<ʬ2	1 ǦĄ#)TGF-β)ɂǵ(ǸǩÍƐ(Ʋʩ)ţÐ8ŌƐ(ś
ŗÜ(Ʋʩ)­ʇ8ʲŗ<Ū $Îƈ"	8	2 TGF-βǼȡȼ'Ĭ
"ɦɶ8Ǧɰ( $" epithelial to mesenchymal transition (EMT) Ȅ69"
7Ƿȡȼ(ʈÛȽ4ǈǗȽ(ď×ȡȼĒu_[JSXhJɴ(ǪǩȽ(ď×
ɓșƂǩ¿ǲƩȽʫħ&%'57Ƿ(śŗÜ'ʡ8$ȵ69"	8	3 /
TGF-β)ɂǵŀȡȼ( sphereŇŠȽ'3ňʴ<ɂǵŀȡȼ(ƑÊÜŗȧŪ'ʘ
ə&ŉÕ<Ũ
$Ê"	8	4 ƌ'ē(ɂǵȡȼ) TGF-β<Êƿ"
7F_J~A'5"ɂǵȡȼ(3((ǩĞ'ĩ8$ȉû9"	
8	5 
 úʹ( TGF-β ')70-80%(Ȁïŗ<Ū TGF-β1~3 ( 3  (?AWlEw
 5 
ĞĄ8	TGF-β1~3 )ǩ¥Ã#(ǸǦǄŗǩǧƩƣ'	"99ȡ
	ĶǱ8.$=%ïƣʄŗɴ<Ə8$Ê"	8	TGF-β(Q
Ka¢ʊȤɷ)TGF-β ƥǺȡȼ(ȡȼɇ( type I receptor (TβRI) $ type II 
receptor (TβRII) $	
U˃SFbIaVćéĨ¥#ƣŠ98o]ý
ʚ¥(ŇŠ<ɦį8$6ě/8	TGF-β ȥî8$o]ýʚ¥(#
TβRII(ŘĺǄŗćIaV'57TβRI(ȡȼÃ`xA'8GS`xA
ʖÜ<é8	(ŌʖÜ<é TβRI 6 Smad $÷*98QKaÊĝ
<"ȡȼÃ,$QKa¢ʊ98	Smad )úʹ'	" 8 ȐʹȄ69
"7R-Smad (receptor-regulated Smad)Co-Smad (common-mediator Smad)I-Smad 
(inhibitory Smad) ( 3 'Êʹ98	ǄŗÜ9 TβRI'5")2' R-Smad
#8 Smad2/3 ( C ƒȔʒ£ʖÜ<é8	ʖÜ9 Smad2/3 )
Co-Smad #8 Smad4 $ȥî"ƝÃ,$ȎɔƤ&ɺÅÿĝ4ɺÅÂŉÿĝ
$ɘî¥<ŇŠ"ƥǺʐ¢ĝ(ɺÅɪȚ<ɔ
 (ā 1 ĵ)	6,7 ɺÅÂŉÿĝ')
p3004 CBP&%(iS_?UZÜʕȟ7Smadɘî¥$ȥî"ɺÅ<Ǆ
ŗÜ8	/I-Smad#8 Smad7)TGF-βÑǘ'ªĞ"ǸǦɦį9TβRI
$ȥî" R-Smad(ʖÜ<ȕîʣħ8$#dH]@ml@`g[J<
ŇŠ8	8,9 TGF-β (QKa¢ʊ'ʡ;8ÿĝ$")c-Ski 4 SnoN 7
 6 
R-Smad $ɘî¥<ŇŠ8$# Smad '58ɺÅ<ţÐ8	7 /E3 H
V( Smurf1, Smurf2 ) R-Smad 4 TβRI <n]?WwªĞǺ'Êɞ"
TGF-β-SmadQKa<ţÐ8ƃ#10 E3HV( Arkadia) I-Smad4 c-Ski,
4 SnoN(Êɞ<­ʇ8$#TGF-β(QKa¢ʊ<­ʇ8$Ȅ69"
7Ƥ&ďƱÿĝ$JS_J8$ȉû9"	8	11 (5
'Ƥ&
QKaÊĝ6Ðŏ<é8 SmadȤɷ)ɘʭ&TGF-βQKa(ŒǺ&ŉÕ<
Ũ
ƃ#Smad<'MAPK, S6K, RhoA&%<ǄŗÜ3)ǄŗÜ8
non-SmadȤɷ3ĞĄ8(ā 1ì)	12 
 
 
ā 1. TGF-β(ȡȼÃQKa¢ʊƩƣ 
TGF-β) type I receptor (TβRI) $ type II receptor (TβRII) #ƣŠ98o]ýʚ
¥<ɦįTβRI( GS`xA<ʖÜ8	(ŌSmad<8 Smad
Ȥɷ$ Smad <&	 non-Smad Ȥɷ'Ê98	Smad <Ȥɷ#)
Smad2/3 ʖÜ9Smad4 $ȥîƝÃȎɔ"ʐ¢ĝ(ǸǦ<Ðŏ
8 (ĵā)	 
Smad<&	Ȥɷ#)MAPK, S6K, RhoA&%(Ȥɷ<"ʐ¢ĝ(ǸǦ
<Ðŏ8 (ìā)	 
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2. ȹǷ'8 TTF-1(ŉÕ$ TGF-βQKa(Ðŏ  
 ǭǢɅɺÅÿĝ thyroid transcription factor 1 (TTF-1) )rxF`xA<Ə8Ɲ
ÃXhJɴ#ȹ4ǭǢɅ4ɀ(ʒ'	"ǡǱǺ'ǸǦ(ƩȽ4Ǹʊ'
	"ʘə&ŉÕ<ƙ$Ȅ69"	8	13 Ƿ'8 TTF-1(ǸǦ3/
ȹǷ4ǭǢɅǷ$	 TTF-1 ǸǦ8Ʈĺȣȭ'ŇŠ98Ƿ'Êķ"	8	
ȹǷ'ȂǾ8$TTF-1)ȹȪǷ(Ȟ 72%İȡȼȹǷ(Ȟ 89%#ɝī9(
ȹǷ'	").$=%ɝī9&	$Ê"	8	ǡ'ȹɅǷ'	")
ȹǷ(ʇɔ(íƲʩ'	" TTF-1(ǸǦư7ȹȪǷ(Ō'ʡ;8ÿĝ$"
ȂǾ9"	8	14 
 ɾĿ(ȹɅǷ'8 TTF-1 (ȆȒ#)TTF-1 ')Ƿȡȼ(ǩĞ4 EGF éĨ¥
<QKa<­Ƿ­ʇÿĝ$"(º$15,16 TGF-βQKa<ʣħ8
$'57 EMT <Ƿ(ǈǗɺȎ<ţ8ǷţÐÿĝ$"(º(ƃ
8$;	17 ō"Ƿ'8 TTF-1(ŉÕ<ǧɞ82')(
§ǫƩƣ(ƌ&8ɞƗœə#8	 
 
3. Nrf2(ƩȽ$(§ǫƩƣ  
 8 
 ɺÅÿĝ NF-E2-related factor 2 (Nrf2) )čĊŗʶĈ˃AQR[h(BZIP) ƣ
ʄ<Ū ɺÅÿĝ( #7ǩ¥Ã(`[JSæŔ'Ĭ8UO(ŉÕ<
ƙ"	8	Ʈĺȡȼ(ʱʖÜS_S#)Nrf2 ) Kelch-like ECH-associated 
protein 1 (KEAP1) $|jIZHVɘî¥#8 Cullin3 (CUL3) - RING-box 
protein 1 (RBX1) '57ʃ4'Êɞ98$Ê"	8	18 Ʈĺȡȼ'ʖ
ÜS_S×;8$ Nrf2 (ǸǦġģÜɺÅÿĝ small musculoaponeurotic 
fibrosarcoma (sMaf) l>v(XhJɴ (MafF, MafG, MafK) $ɘî¥<ŇŠ
antioxidant/electrophile response element (ARE/EpRE) ʒ£'ȥîƥǺʐ¢ĝ(ǸǦ
(ɪſ<ɔ	ŤʖÜ§ǫ<ȉ$#ǩ¥ʢŏ(Ʃƣ<Ũ"	8 (ā 2A)	Nrf2
<ƫŴuBS#) ʖÜS_S'Ĭ8ɞƳʕȟ4ŤʖÜÊĝ(ǸǦɔ;
9&	$63Nrf2 )ǩ¥ǱǠ4ʖÜS_S'Ĭ8ȡȼ(ʢŏƩƣ$"
ʘə&ŉÕ<Ũ
$Ê"	8	19 
 Nrf2') 7 (ƩȽ`xAĞĄNrf2–ECH homology (Neh) `xA$ð
69"	8 (ā 2B)	NƒȔ'8 Neh2`xA)CUL34 RBX1$|jIZ
HVɘî¥<ŇŠ" Nrf2(Êɞ<ɔ
 KEAP1(ʚ¥$ȥî8	CƒȔµ
'8Neh1`xA) sMaf$ɘî¥<ŇŠDNA(AREʒ£'ȥî8$#
ɺÅ<Ðŏ8	20 
 9 
 Nrf2( Neh2`xA$ȥîNrf2(ǸǦ<Ðŏ8i_ KEAP1 )624°(
?veʖ#ƣŠ9"	8 (ā 2B)	KEAP1)NƒȔµ'ʚ¥<ŇŠ CUL3$
ȥî8 Bric-à-brac (BTB) `xACƒȔµ' Nrf2$ȥî8 6 ( Kelch`x
A<Ə"7BACK (IVR) `xA<"ȥî8	i_( KEAP1(X
hJɴ') 27 °( Cys ưĊ7(áÊ)Ʈĺ&ǩǧƕ#ZFĊ
ZF~_?bF<ŇŠ8$#ʱ ĺ'æŔŗʽ	$Ê"	8	
(2ƸʯĝÔ'57×¥<ŇŠ7Ŗǘ'ʖÜ69782
ȡȼÃ(ʖÜʑ¼æŔ(UO$"(ŉÕ<Ũ
$ȵ698	21 
 i_#ǸǦ8ˇ ( CULXhJɴ)CƒȔµ'8 CUL homology (CH) `
xA'5"CUL1, 2, 3, 4A, 4B, 5( 6 'Êʹ8$#'3 DOC1 
(destruction of cyclin B) `xA4 IBR (in-between-ring) `xA<ó1 CUL7 4
CUL9i_#)ǸǦ8 (ā 2B)	96( CULXhJɴ)RBX14 RBX2$
ȥî"CUL-RBX|jIZHVɘî¥<ŇŠ8	22 (#CUL3)
BTBʔÌ<Ū XhJɴ$ȥî8$ċõ9"	8	96(|jIZ
HVɘî¥)¦à3(Ċɴ<|jIZÜ'5"ÊɞȡȼöƐ(Ðŏʐ
¢ĝɺÅ?t_QSDNA YxR4$¯ŐJuZ(y^K˂ʖ
ÜS_SŔȗQKa¢ʊ$	ȡȼŔȗ<Ðŏ8	23 
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ā 2. Nrf2KEAP1CUL3(?veʖʔÌ$ Nrf2(&§ǫƩƣ 
ˀAˁƮĺȡȼ( Nrf2 (QKa(æŔ<ȉ	ʱʖÜS_S#)Nrf2 )
KEAP1CUL3RBX1 ( E3 HUɘî¥'5"Êɞ98ʖÜS_
S#)Êɞ9&		Êɞ9& Nrf2 )ɺÅÿĝ sMaf $Â'ƥ
Ǻʐ¢ĝ( AREʒ£'ȥîʐ¢ĝ(ǸǦ(ɪſ<ɔ
	 
ˀBˁNrf2KEAP1CUL3(?veʖʔÌ<ȉ (Neh : Nrf2–ECH homologyBTB : 
Bric-à-brac)	 
 11 
 
 ƃǷȡȼ#)KEAP14 Nrf2(đǱ4ǸǦǱĺ'57Nrf2(ǸǦġģÜ
8	9/#'Nrf2 (đǱ)ʺʉǷ (11.4%)ǼɆǷ (6.3%)ȹǷ (8.0%)
üʷǷ (13.0%) #ċõ9"	8	24 /KEAP1(đǱ)ȺǷ (11.1%), ȸɈǷ
(8.9%)ĔɃǷ (7.8%)ȹǷ (4.6%)Ƿ (2.0%)ÓȓɅǷ (1.3%) #ċõ9"	
8	26 KEAP1#) BACK`xA$ Kelch`xA<Œ'ÁʶĈ'đǱ069
8ƃ#Nrf2 ) KEAP1 $(ȥî'ʘə#8 Neh2 `xA'đǱʬ"	
8	24,25 KEAP1/)Nrf2(%6(ʐ¢ĝ'đǱ8$Nrf2$ KEAP1(
ȥîĒ94&7Nrf2(ǸǦġģÜ"ƝÃ'Ȏɔ8 (ā 3ĵ)	/
p21/CDKN1A) Nrf2( Neh2`xA'ȥî8$6KEAP1(ȕîXhJ
ɴ$" Nrf2$ KEAP1(ȥî<ʣħNrf2(ǄŗÜ<­ʇ8$ȉû9
"	8 (ā 3 Ė)	27,28 ƌ'ȹɅǷȡȼ'	"KEAP1 ʐ¢ĝ(nyX
ʶĈ( CpG?A~`'	"xZÜ(Ǳĺ7KEAP1(ǸǦʚǑı
8$ċõ9Nrf2(ǄŗÜ<­ʇ8$ȉû9"	8 (ā 3ì)	29 Ƿ
ȡȼ#3Ʈĺȡȼ$ïƤ'ƝÃ'ȎɔNrf2)ɺÅÿĝ sMaf$ɘî¥<ŇŠ"
ARE ʔÌ'ȥîŤʖÜXhJɴ<ɦį8 (ā 3 ĵ)	9'57Ƿȡȼ
)ʖÜS_S4ŤǷÔƽǶ'Ĭ8ŦŤŗ­ʇ98	/ɭʡʅÿĝ3
 12 
ď×ɭ<đÜ8$#ɂǵ(ďƱ'Ĭ»£'º$Ê"	8 
(ā 3)	30 
 
 
4. Ƿ'8 RNAȥîXhJɴ(ēȽŗ  
 ƯëǺ'ǷȆȒ'	")ɺÅÐŏ4QKa¢ʊ(Ǳĺ'ǝǛņ"69"
	ɾĿDNA RNA'ɺÅ9Ō(Ðŏ3ȡȼ(ďƱÊÜǈǗɺȎ
?t_QSɓșƂǩ$	Ǧɰ'ʡ;8$Ê7Ƿ(ǈǗɺȎ,(ʡ
 
ā 3. Ƿȡȼ'8 Nrf2QKaǄŗÜ(xGbTw 
ȹǷ(ȡȼ#)Nrf2 4 KEAP1 (đǱ4Nrf2 $ KEAP1 $(ʠ'Ą
8ʣħŗǠɴ(ĞĄKEAP1 4 CUL3 (ǸǦ¤'57Nrf2 ʱS_
S#3Êɞ<é'ġģǺ'ǸǦ8	(ŌNrf2)ɺÅÿĝ sMaf
$Â'ƥǺʐ¢ĝ( AREʒ£'ȥîʐ¢ĝ(ǸǦ(ɪſ<ɔ
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3ȉû9"	8	31,32 ņȆȒĥ#39/# microRNA (miRNA) <ó1
non-coding RNA'58 RNA'ɺÅ9Ō(ǸǦÐŏʘə#8$<ȉ"
	33 /ē( RNAȥîXhJɴ RNA'ȥî8$#RNA(ƩȽ<
Ðŏ8$ċõ9"	8	34 
RNA)RNAɉɸ#)ġģ#8	ē( RNAȥîXhJɴ4(X
hJɴ$ȥîscJFXhJɴɘî¥ (RNP: ribonucleoprotein complexes) 
<ŇŠ8$#ġģÜ8	ō"RNA'ȥî8 RNAȥîXhJɴ3/
RNA(ɭ'	"ʘə&ŉÕ<Ũ"7RNA(nUQKSn~AQ
K5’Iz[kKt?^bÜȡȼɴ,(ȎɔĳĄ"Êɞ'Ɋ8/#
<Ðŏ"	8 (ā 4)	35 (2Ƿȡȼ'8 RNA ȥîXhJɴ(ǸǦǱ
ĺ4ƫŴ)ǷǡǱǺ&ǄŗÐŏ<36Ƿ(ʇɔ'Ĕʡ;8$ȉû
9"	8	36 
 RNAȥîXhJɴ')RNAȥî`xA 3)ɘž7ïʒ£<
" RNA4 RNA'ȥî8XhJɴ$ȥî8	RNAȥî`xA')RRM 
(RNA recognition motif) `xAKH (K-homology) `xAdsRBM (double-stranded 
RNA binding motif) `xAPAZ (Piwi/Argonaute/Zwille domain)`xA&%7
RRM`xA) RNAȥî`xA(#3ƍ3ɌǺ&3(#8	37 RRM`x
 14 
A)αo[JS$ βQ_6&8O`A[Zƣʄ<$"7ȁƝȡȼ
( RRM`xA<Ə8 RNAȥîXhJɴ(ē)RNA(ġģÜ6Xh
Jɴ(ȳɢ/#( RNA(ɭ'ĩ8$Ȅ69"	8	34 ©*RRM`x
A<Ə8RNAȥîXhJɴ( #8HuR)ȡȼɴ$Ɲ(ƃ'ĳĄ
?~b4B~Q<ēó1 mRNA( 3’UTR'ȥî8$#mRNA(ġģÜ
'ʡ8	×"HuR)Cyclin D1, c-myc, VEGF$	ȡȼďƱÿĝ4 Bcl2, 
Mcl-1, SIRT1, p21/CDKN1A$	?t_QSʡʅÿĝ6' MMP-94 Snail
$	ǈǗɺȎEMT'ʡ;8ÿĝ( mRNA'ȥîǷȺǷȹǷĔ
ɃǷ$	ē(Ƿ#ʽǸǦ"	8$6Ƿ(ʇɔ'ʡ8$ȉû
9"	8	32 ($63RRM( RNA'Ĭ8ǡǱŗ)¤ʁ' ( RNA
'Ĭ"ɘž( RNAȥîXhJɴȥî8$Ê"	8	 
 15 
 
ā 4. RNAȥîXhJɴ(ŉÕ 
RNAȥîXhJɴ)DNA6ɺÅ9 RNA'ȥîʏťSn~A
QKt?^bÜ5’Iz[kKɇĒɼʀȳɢÐŏġģÜÊ
ɞ'ʡ;7XhJɴ(ǸǦ<Ðŏ8$Ê"	8	/RNA
ȥîXhJɴ)˂ ( RNA' 	"ɘžȥî8$Ȅ69"	8	
RBP) RNA binding protein<ȉ	/5’ƒȔ( capƣʄ'ȥî8 eIF4E
$3’ƒȔ(t Aʝ'ȥî8 poly(A)-binding protein (PABP) )RBP$
)Ï'ȉ	 
 
5. ƓȆȒ(ǾǺ  
 (ȻƋ6TGF-β(Ðŏ<é8ƩȽƑȄ(Ƿʡʅ RNAȥîXhJɴ<
ïģǷ(ʇɔ'8ŉÕ' 	"ɞƈ8$ƓȆȒ(ǾǺ#8	/
ȹǷ'	" TTF-1$(ʡ¬ŗ<ƈ6'8$)ȹǷ(ȆȒ(#ʘə&ŉÕ
<ƙ$ȵ698	ƓȆȒ#)ïģ RNAȥîXhJɴ(ƩȽ<ȨȯǺ
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'ɞƗ82ƓXhJɴ'ȥî8 RNA(ïģ<ɤ0	ƌ'ǦĄ/#
Nrf2(§ǫƩƣ'8 RNAȥîXhJɴ(ŉÕ' 	"Ȅɚ)ı&ƓȆȒ
#)Ƿ'	" RNAȥîXhJɴ'58 Nrf2(§ǫƩƣ(ɞƈ(ĘƩ$&8
$<Ɛŋ"ȆȒ<ɔ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ĤʼƔƁ$ƃǀ  
H`$Ť¥  
 TGF-β3 (R&D Systems) ) 2.5 mg/ml bovine serum albumin (BSA; Sigma-Aldrich) <ó
1 4 mM HCl'ǖɞ"¨ǫ	¨ǫŤ¥<'ȉ	 
uBSyeJaŤ α-tubulinŤ¥ (Sigma-Aldrich, DM1A) 
uBSyeJaŤ TTF-1Ť¥ (Novus Biologicals, 8G7G3/1) 
~j[_tJaŤ RBM47Ť¥ (Sigma-Aldrich, HPA006347) 
~j[_yeJaŤ Nrf2Ť¥ (Abcam, EP1808Y) 
~j[_tJaŤ KEAP1Ť¥ (Proteintech, 10503-2-AP) 
~j[_yeJaŤ CUL3Ť¥ (Abcam, EPR3196Y) 
uBSyeJa HDAC1 Ť¥ (Millipore, 2E10) 
~j[_tJaŤ ATP5LŤ¥ (Abcam, ab126181) 
~j[_tJaŤ NDUFS6Ť¥ (Abcam, ab156099) 
 
ȡȼĉʻ  
 A549 ȡȼ)ƖÝĔğ×ʿßğȆȒšßǫȡȼɲǔUX6ɵÀ3(<
¨ǫ	 NCI-H441 (H441) ȡȼ$HEK293Tȡȼ)American Type Culture Collection
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6ɵÀ3(<¨ǫ	A549ȡȼ$ HEK293Tȡȼ)10% fetal bovine serum 
(FBS)$ 100 U/ml penicillin G100 μg/ml streptomycin <× Dulbecco's modified 
Eagle's medium (DMEM #11965; Thermo Scientific) #ĉʻ	H441ȡȼ)10% FBS
$ 100 U/ml penicillin G100 μg/ml streptomycin<× RPMI 1640 (#11875; Thermo 
Scientific) #ĉʻ	Á"(ȡȼƜ) 37℃5% CO2(ƕ#ĉʻ	 
 
JuZ¿ǲƻʤ  (chromatin immunoprecipitation, ChIP) 
 A549 ȡȼ) 10 cm n_ (SARSTEDT) 'H441 ȡȼ) 15 cm n_ 
(SARSTEDT) 'ŶȐtlCJQ}ǀ'57 siRNA <ʐ¢ĝįÀ	
(ŌƍȢǚł 1%'&85
'rw?^i`<Ǎ×ĥǒ# 10ÊʠAI
{pQ}8$'57ȡȼ<Ăģ	(ŌƍȢǚł 0.125 M$&85

'KQƵǖǊ<Ǎ×ĥǒ# 5ÊʠAI{pQ}8$#ĂģæŔ
<´ƭ	ƶÆ PBS (-) '"ȡȼ< 2þǃǆŌƶÆ PBS (-) < 1 ml
Ǎ×"SJh#ȡȼ<þç4℃2,000 rpm # 5ÊʠʌŒ	ǎ<ʧ
äq[_' 1 ml( SDS lysis buffer (1% SDS50 mM Tris-HCl [pH 8.0]10 mM 
EDTAprotease inhibitor (P8340; Sigma-Aldrich)) <Ǎ×ÄşǙ	(Ō
Bioruptor UCW-201 (NSygAF) <ǫ	"(ȡȼşǙǊ'WbLQ}<ɔ
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	WbLQ}(ƕ)ÉÖ”high”# 30ȍ< 3þAXg) 30ȍ$
	Ŏ69On< 8℃14,000 rpm# 10ÊʠʌŒ40 μl(ǎ<An
[_ǫOn$"è7Ê	ư7(ǎ(
 800 μl< ChIP dilution buffer (20 
mM Tris-HCl [pH 8.0] 150 mM NaCl2 mM EDTA1% TritonX-100Complete 
EDTA-free protease inhibitors (Roche Diagnostics) ) # 10±ĸʗ" 8 ml(Onǖ
Ǌ<§ɗ2-methacryloxyethyl phosphorylcholine polymer-treated 15 ml polypropylene 
tube (?QS_) 'À9	§ɗOnǖǊ'2 0.5% BSA<óƏ8 PBS 
(-) # 4℃'" 5 μg(Ť¥$AI{pQ} Dynabeads (Invitrogen) <×
4℃#ƊAI{pQ}	ȱƆĥǒ2,000 rpm# 5ÊʠʌŒǎ 7 ml
<ʧäư7(ǖǊ# Dynabeads<þç1.5 ml(uAJZ{m'Ȏ	
Wash buffer (50 mM HEPES-KOH [pH 7.0]0.5 M LiCl (Sigma-Aldrich)1 mM EDTA
0.7% sodium deoxycholate1% NP-40) '" 6þTE buffer (10 mM Tris-HCl [pH 8.0]
1 mM EDTA) '" 1þǃǆMagnetic Particle Concentrator (Dynal) ' Dynabeads<
ôȂ"þç	þç Dynabeads' SDS lysis buffer < 200 μl/tube#Ǎ×
65℃#ƊAI{p_ȿJSJ<ɔ	ȱƆǎ< PCR purification 
kit (Qiagen) <ǫ	"Ȝɗnuclease-free Ƶ#ǖÉ	ChIP-PCR ɞƗ#)
StepOnePlus™ Real-Time PCR Systems (Thermo Scientific) '"FastStart Universal SYBR 
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Green Master (Roche Applied Science) (ɒ¾<ơÉ8$#ģʚÜ<ɔ	HBB 
(haemoglobin beta) <dH]@mN_ʐ¢ĝ$"¨ǫ	-"(O
n)ƍ¤ 2þ Ǔģȥƙ)Ǔģ(ľĆ<ȉ	¨ǫn~Au<ɕ 1
'ȉ	 
 
ChIP-seq(ɞƗ  
 RBM47<N`8ʐ¢ĝʒ£#( TTF-1$ Smad3ȥî8Čš)9/#
'ȆȒĥ#ċõ ChIP-seq(^X (GEO accession no: GSE51510)<¨ǫɞƗ
	38 
 
siRNAs'58 RNAĽǐ  
 i_ TTF-1 'Ĭ8 small interfering RNA (siRNA) )Ó'ȆȒĥ#ċõ
Thermo Scientific57ɵÀ3(<¨ǫ	17 RBM47( siRNA$ control siRNA 
(Cat. 12935-112, ɗø(ʔÌŜċʱʟȉ) ) Thermo Scientific57ɵÀ3(<¨ǫ
	H441 ȡȼ,( siRNA įÀ')Lipofectamine RNAiMAX reagent (Thermo 
Scientific) <ǫ	"ůęn_N'ō"gS_~SlCJQ}ǀ
'57ɔ	ĉʻǊ( siRNA(ƍȢǚł)50 nM'	RBM47( siRNA(
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ʔÌ<'ȉ	 
siRBM47#1 
CCUUCGUCAUGUACUGCCACAAGCA 
UGCUUGUGGCAGUACAUGACGAAGG 
siRBM47#2 
UAAAUAGUCAAGCGUUCCUUCAGUG 
CACUGAAGGAACGCUUGACUAUUUA 
 
RNA(ŧÉ$ RT-PCR  
 TriPure (Roche Diagnostics) <¨ǫ"n_N'ō	 RNA<ŧÉ	0.5
1 μg( total RNA$ Oligo (dT)20n~Au<ǫ	"Prime Script II 1st strand cDNA 
synthesis kit (Takara) '57 cDNA <îŠ	ģʚǺ RT-PCR ɞƗ#)
StepOnePlus™ Real-Time PCR Systems (Thermo Scientific) '" Fast SYBR ® Green 
Master Mix (Thermo Scientific) (ɒ¾<ơÉ8$# mRNA (ģʚÜ<ɔ	
GAPDH (glyceraldehyde-3-phosphate dehydrogenase) <ÃÿŗN_ʐ¢ĝ$
"¨ǫ	-"(On)2þ Ǔģȥƙ) 2þ(Ǔģ(ľĆ<ȉ
	¨ǫn~Au<ɕ 1'ȉ	 
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ɕ 1. PCRn~AuʔÌ 
qRT-PCR   
Gene Forward  Reverse 
GAPDH TCTTTTGCGTCGCCAGCCGAG TGACCAGGCGCCCAATACGAC 
RBM47 CCTCATGATGGACTTTGACG GCGGATCTCGTAGTTGTTGAG 
KEAP1 GTCCCCTACAGCCAAGGTC GGGGTTCCAGAAGATAAGCA 
CUL3 
 
CTTGGAATGATCATCAAACAGC TGTTGTACATACACACGGTCCA 
AKR1C1 GCCTTGGAAAGGTCACTGAA TCTTTTGGGATCACTTCCTCA 
ALDH3A1 CGCAGACCTGCACAAGAAT TGTACTCGATCTCCTCTAGGACGT
A 
GPX2 CTGGTGGTCCTTGGCTTC TGTTCAGGATCTCCTCATTCTG 
SRXN1 GAGCCCAGAAGACACACCTG AAGAGAATGCACCCCTGCTA 
ATP5L TCAAACAGCTCACAGTTAAGGA
A 
CTCCGACATAAAACCACATCAA 
NDUFS6 AGAAGGTCACGCACACTGG CTCTTTCTGACGACCTACAAACC 
qChIP-PCR   
Gene Forward  Reverse 
GPX2 CATAGATATCAATTGGCCCTTCC CAGGATGACTTAGCAAAAACAGG
T 
SRXN1 AATGTTCGGAACGACTCCAG CAGGGTGAGTCGGCAAAG 
HMOX1 CCCTGCTGAGTAATCCTTTCCCGA ATGTCCCGACTCCAGACTCCA  
HBB GGGCTGAGGGTTTGAAGTCC CATGGTGTCTGTTTGAGGTTGC 
 
RBM47( promoter reporter$  cDNA (ƣț  
 LacZ /) TTF-1 <ǸǦ8?^eBASpJX)ÓȆȒĥ#§ɗ
3(<ǫŝ	17 RBM47 ( promoter reporter (§ɗ#)PrimeSTAR GXL DNA 
polymerase (Takara Bio) $ H441ȡȼ(Mew DNA<ǫ	"i_ RBM47(ny
Xʒ£( 5’µ'£Ȯ8(−1950 to +50 bp)ʶĈ<JbK	ŧÉ
˅U[_( PCRǪǠ$ annealing buffer (ƍȢǚłˈ 10 mM Tris-HCl [pH 7.0]50 mM 
NaCl1 mM EDTA) <ǌî95℃#đŗĥǒ#?bK<ɔ	pGL4.10 
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(Promega) ( HindIII-EcoRI(ÐʥʕȟOA_'~AMQ}	ʔÌ)QL
QK'57ȇɥ	PCR'58ďĻ'¨ǫn~Au(ȣ0î;<
'ȉ	 
Forward 1: AGCT TACACAGCTAGGAAGTCACCTACAACATCTT 
Reverse 1: CATTAAGCATAGCAGATGGGTGATTGCTGGG 
Forward 2: TACACAGCTAGGAAGTCACCTACAACATCTT 
Reverse 2: AATT CATTAAGCATAGCAGATGGGTGATTGCTGGG 
 
QlC~VtX?[UA  
 H441 ȡȼ< 12-well n_ (Nunc) ,ŶȐLacZ $ TTF-1 <ǸǦ8?^
eBAS<Şƛ	24ƉʠŌRBM47(nyXʶĈ<ó1rXQ
lC~VtX (RBM47 promoter-Luc)ɖƮǫ( CMVnyXʶĈ<ó
1BvQAXLQlC~VtX (pGL4.75-SV40-hRluc)íOnʠ(ȩ
DNAʚ<ű82( pcDNA3$	
ȣ0î;#FuGENE HD (Promega) <ǫ	
"ʐ¢ĝįÀ	ƌ' 24ƉʠŌȡȼ<þçQlC~VǄŗ<Ǔģ	
QlC~VǄŗ(Ǔģ')Dual-Luciferase Reporter Assay System (Promega) $
Mithras LB-940 (Berthold) <¨ǫ"ɞƗ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SDS-PAGE $BCSXm[]@K   
 ĉʻȡȼ(ǎ<ʧä" PBS (-) #ǃǆŌ1% NP-40 lysis buffer (1% Nonidet 
P-4020 mM Tris-HCl [pH 7.5]150 mM NaClcOmpleteTM EDTA-free protease inhibitor 
cocktail (Roche Diagnostics) ) '57ȡȼ<ǖɞ"XhJɴ<þç	Ɲ$ȡȼ
ɴ(Êǯ')NE-PER Nuclear and Cytoplasmic Extraction Kit (Thermo Scientific) <¨
ǫn_N'ō	Êǯ<ɔ	þçXhJɴ) BCA Protein Assay Kit 
(Thermo Scientific) #ģʚSDS sample buffer (170 mM Tris-HCl [pH 8.8]44% 
glycerol8.7% SDS22 mM 1,4-dithiothreitol0.05% Bromophenol Blue) '"ǖɞŌ
98℃# 3 ÊʠǟƼ"ɪɗ	XhJɴʚ<:On< SDS-PAGE #
ÊʮŌUv`~Aǀ'" Fluoro Trans W Membrane (Pall) 'ɺÅ	xm<
blocking buffer (5% skim milk (ƟƷ) ) '" 30Êʠĥǒ#AI{pQ}Ō
ƬŤ¥<×"ĥǒ# 1Ɖʠ8	) 4℃#ƊAI{pQ}	(Ō
HRP-ƥɮ9ƬŤ¥'"ĥǒ# 1 Ɖʠ(AI{pQ}<ɔ	Xh
Jɴ(ơÉ')LAS-4000 lumino-image analyzer (GE Healthcare) <¨ǫ	 
 
ZBAS(§ɗ  
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 A549ȡȼ'EFnyX'57 luciferase$H1nyX'57 shRNA
<ǸǦ8ZBAS<Şƛluciferase $ʐ¢ĝǡǱǺ'§ǫ8 shRNA
(ƃ<ŘĺǸǦ8 A549-Lucȡȼ<ƨȓ	Şƛ8 luciferase5+ shRNA
<ǸǦ8ZBAS)75 cm2l~SN (IWAKI) ' 7×106°( 293FTȡȼ
<ŵ$ïƉ'ǸǦpJX$h[LRKpJX<_~SlCJQ}
8  $ # § ɗ   	 h [ L  R  K p J X  #  8 pCAG-HIV-gp 
pCMV-VSV-G-RSV-Rev5+ negative control (shCT) $"¨ǫn~Sv`)
ÓȆȒĥ#ǫ	3(<¨ǫ	39 /_~SlCJQ}ɤɑ')
Lipofectamine 2000 reagent<ǫ		_~SlCJQ}(ȱƆ'ĉʻǊ<Ų
( 2 ƆŌ'BASǎ<þç	RBM47 <ƥǺ$8 shRNA (pJX 
(shRBM47#1, shRBM47#2) <§ɗ82'¨ǫn~Au(ȣ0î;<
'ȉ	 
shRBM47#1 
Forward:GATCCCCGGGCTCAGTATTCCATGTTTCACGTGTGCTGTCCGTGAAACAT
GGAATACTGAGCCC TTTTTGGAAAT 
Reverse:CTAGATTTCCAAAAAGGGCTCAGTATTCCATGTTTCACGGACAGCACACG
TGAAACATGGAATACTGAGC CCGGG 
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shRBM47#2 
Forward:GATCCCCGGATCTCTCCTTAAGCCAACAACGTGTGCTGTCCGTTGTTGGC
TTAAGGAGAGATCC TTTTTGGAAAT 
Reverse:CTAGATTTCCAAAAAGGATCTCTCCTTAAGCCAACAACGGACAGCACAC
GTTGTTGGCTTAAGGAGAGAT CCGGG 
 
RNA-seq$^X(ɞƗ  
 cDNA (~Am~)RNeasy Mini Kit with On-Column DNase Digestion Set 
(QIAGEN) <ǫ	"n_N'ō	ɪɗ	/RNA-seq(~Am~§
Š')Dynabeads mRNA DIRECT Purification Kit$Ion Total RNA-Seq Kit v2 (Thermo 
Scientific) <cDNA ~Am~(fASn[_QJDQK)Ion 
PROTON$ Ion PI Template OT2 200 Kit v3$ Ion PI Sequencing 200 Kit v3<ǫ	"
ůęn_N'ō	ɔ	RNA-seq'5"Ŏ69ȥƙ)Gene Set Enrichment 
Analysis (GSEA) <ǫ	"ɞƗ<ɔ	40 ɞƗ')mRNA(ʞƢȔ'ȅ	3
()~Am~§Šn_Nģʚŗ<ė
2sWuXhJɴ<
ɕ RP Ůʷ(ʐ¢ĝ$v_N`?sWuXhJɴ<ɕ MRP Ů
ʷ(ʐ¢ĝ5+ miRNA<ʧĒFPKM² 10(ʐ¢ĝ<ǫ	"ɞƗ<ɔ
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ɂǵ(ďĔʃł(ɞƗ$AxRKɞƗ  
 ÛǠĤʼ)ƖĔğßğʒ(ģ28ɛÒ'ō	ɔ	4ʆʿ(FS( Balb/c nude 
mice ' 1.0×107 ° ( A549-Luc-shCT ȡ ȼ  A549-Luc-shRBM47#1 ȡ ȼ  
A549-Luc-shRBM47#2ȡȼ<ǼȎƠ	ɂǵ(ʞŊ$ȅȤ<Ǔģɂǵ(¥ȑ
<ǿƃ¥(¥ȑ = (ʞŊ) × (ȅȤ)2 (áÊ$"ɂǵ(¥ȑ = ((ʞŊ) × (ȅȤ)2)/2 
<ǫ	"ɂǵ(Ĕ<Ǔģ	ȹǷ,(ɺȎy^#)4 ʆʿ(FS( Balb/c 
nude mice'ĲʰȾ6 3.0×107°(A549-Luc-shCTȡȼ$A549-Luc-shRBM47#1ȡȼ
<ȎƠ	uBS(=ȡȼ(Ǹ¾AxRK)D-luciferin potassium salt (Wako 
Chemicals) <ɄɁÃ'ǂĮŌphoton counting (LB983, Berthold Technologies) '57
ɔ	 
 
ȦɠɞƗ  
 t-ơģ)  in vitro (Ĥʼ#(ɞƗ'¨ǫ	Mann-Whitney-Wilcoxon test 
(Mann-Whitney U test) < in vivo(Ĥʼ#(ɞƗ'¨ǫ (http://www.r-project.org/)	
	93nK~vKɟɧ R<¨ǫ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RIP-seq$^XɞƗ  
 A549 ȡ ȼ < 10 cm n   _ ' Ŷ Ȑ   RIP™ RNA-Binding Protein 
Immunoprecipitation Kit (Millipore) <ǫ	"ůęn_N'ō	 RIP assay<ɔ
	I[_'Ĵ"	 Rabbit control IgG Ť¥$~j[_tJaŤ
SNRNP70Ť¥)N_$"¨ǫ	~Am~) Ion Total RNA-Seq 
Kit v2<ǫ	"ůęn_N'ō	 RIPOn6§ɗ	cDNA~Am~
(fASn[_QJDQK)Ion PROTON$ Ion PI Template OT2 200 
Kit v3$ Ion PI Sequencing 200 Kit v3<ǫ	"ůęn_N'ō	ɔ	QJ
DS(`)TopHat2<ǫ	" human reference transcriptome (NCBI Build 37, 
hg19) 'ʔÌ	¿ǲƻʤ9 RNA(ʚ)Cufflinks( cuffdiff<ǫ	"ɠȘ
	 
 
lOA_x_  
 ĉʻȡȼ'_nQÈǧ<ɔ	ĉʻǊ#şǙŌƶ#(Ÿ§<ɔ	
ĉ ʻ Ǌ # ş Ǚ   ȡ ȼ < PBS (-) # ǃ ǆ   Ō  2% FBS $ 25 mM 
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) <ó1 Hank's balanced salt 
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solution (HBSS) #şǙȡȼǚł 1.0×106°'&85
'ɪɗ	96(ȡ
ȼ'1–12 μg/ml Hoechst33342 (Invitrogen) <Ǎ×37℃# 60ÊʠAI{pQ
}<ɔ	Fumitremorgin C (FTC) (ƍȢǚł 10 μM) <¨ǫOn#) 
Hoechst33342$Â'Ǎ×	(Ōƶ# PBS (-) #ǃǆPropidium iodide (PI) 
<×ŌMoFlo Astrios cell sorter (Beckman Coulter) <ǫ	"ȡȼÊǯ(ɞƗ<
ɔ	§ɗȡȼ(şǙǊ)Forward Scatter (FSC) $ Side Scatter (SSC) <ǫ	
"Êǯ(# PIʨŗ#ȡȼÊǯ<ŧÉ	(Ō350 nm(Ùɶǁ
ʞ$" UVP<ǫ	"ŧÉȡȼ<Ùɶ405/BP30 (Hoechst blue) $
570/BP20 (Hoechst red) (¾ğl@X<ǫ	"ȡȼ6 450 nm$ 675 nm(ɒ¾
ǁʞ<Ǔģ	FTCĞĄ#ǉė8ȡȼÊǯ< side population (SP) ÊǯFTCĞ
Ą#ǉė&ȡȼÊǯ< non-side population (non-SP) Êǯ$"ģ2	l
OA_x_(ɞƗ')Flow Jo software (Treestar, Ashland, OR, USA) <¨ǫ
	 
 
l~[JS?a~AP  
 OCR (oxygen consumption ratio)  XF cell mitochondrial stress kit <ǫ	"Seahorse 
Biosciences extracellular flux analyzer (XF24) #Ǔģ	A549-Luc-CT ȡȼ
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A549-Luc-shRBM47#1ȡȼA549-Luc-shRBM47#2ȡȼ< 24-welln_ (XFe24y
^) ' 1 BC'  1.0×105° ŶȐ10% FBS <óƏ DMEM ĉą#
37℃5% CO2(ƕ# 12Ɖʠĉʻ	/TGF-βÑǘ<×8Čî)A549
ȡȼ< 6-well n_' 1 BC'  1.0×105° ŶȐ24 ƉʠŌ TGF-β <
2.5 ng/ml <×24 Ɖʠĉʻ	(Ō24-well n_ (XFe24 y^) ' 1
BC'  1.0×105° ŶȐTGF-β 2.5 ng/ml$ 10% FBS<óƏ DMEM
ĉą# 37℃5% CO2(ƕ# 12Ɖʠĉʻ	ĉʻŌ?[UAĉʻǊ (DMEM 
(Sigma D5030), 1.85 g/L NaCl, 2 mM L-glutamine, 1 mM sodium pyruvate, 50 mM glucose) 
'ĉą<Ų37°C( CO2 (șǧ"	&	ƕ#30Êʠĉʻ	ȡȼ(
ĊȈ÷ôʚ)37°C ( CO2 (șǧ"	&	ƕ#ģƐǺ'Ǔģ<ɔ	ATP
(Ǫǩʚ) Oligomycin (ƍȢǚł 1 μM) <Ǎ×ŌĊȈ÷ôʚ6(ʖȟǉ
ɱ ʚ ( Ǒ ı ʚ  6 Ǔ ģ < ɔ   	 ƍ Ĕ ÷ ô ʚ )  Carbonyl cyanide 
p-trifluoromethoxyphenyl hydrazine (FCCP) (ƍȢǚł 12 μM) <Ǎ×ŌAntimycin 
A (ƍȢǚł 1 μM) <Ǎ×8$'57Ǒıʖȟǉɱʚ6Ǔģ<ɔ	/
Antimycin A<Ǎ×Ō(ʖȟǉɱʚ<v_N`?<&	÷ô'5
7ǉɱ9ʖȟʚ$"Ǔģ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Accession Numbers 
 RNA-seq$ RIP-seq(ǩ^Xå+ FPKM$ fold-enrichment(ȥƙ)GEO'ǹʜ
 (GSE61910)	  
 
Ʀ(®ɯå+ǀȖ(ʎĠ,(ĬŔ  
 i_(ʐ¢ĝɞƗ)ƓȆȒɠǯ')ó/9"	&		(ȆȒ#ɔ
ģ(ʐ¢ĝ
ȣ0ŲĤʼ)ľŠ 26Ŀ 9Ǝ 11Ɔ(ƖĔğßğʒȣŲ DNAĤʼġÁĜù¡'
	"Ţɥ<éßğʒÊĝǳǧğÊʙ(TGF-βQKa(ƩȽɞƗ&%<ǾǺ
$n~Sv`?^eB@S_B@SZB@SUYAB
ASgI{BAS(ĉʻȡȼ5+ʐ¢ĝźđuBSȖ,(įÀ5+Me
wȫʬĤʼ'ó/9"7ʍË&ũŽʢƭŰȮ<$	(ȆȒ#ɔ
ģ(
ÛǠ<ǫ	ȎƠĤʼ)Ĥʼ'½ȓ"ÛǠĤʼɬȲ<¯ƖĔğßğʒ(
ģ28ɛÒ'ō"ɔ	Ĥʪ(Ĥʼ#)ʍË&ūįȶ(ǽȃ(3$'Ĥʼ<ɔ
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Ĥʼȥƙ  
1. Ƃɛ TGF-βƥǺÿĝ$"( RBM47(ïģ  
 šĴ8ȆȒĥ#)Ó'uBSɅǼȡȼ (NMuMGȡȼ) ' 24Ɖʠ(
TGF-βÑǘ<×" EMT<ɦį(RNA-seq<ǫ	"ʐ¢ĝ(ǸǦ<ȨȯǺ
'ɞƗ	41 /NMuMGȡȼ 'TGF-βÑǘ<×8$'57ɦį98EMT
')RNAȥîXhJɴ( #8 Rbm35b (Esrp2) (ǸǦ(Ǒıʡ;"	
8$<ȉ	42 TGF-β'5"Ðŏ9"	8 Rbm35A (ESRP1) 4 ESRP2)
ɂǵ(ŇŠȽ'3ʡ;"	8$Ȅ69"	8	43,44 ƃ#TGF-β'5"Ð
ŏ98 RNAȥîXhJɴ(
/ɞƈ9"	&	ɂǵ(ŇŠȽ'ʡ;8
RNAȥîXhJɴĞĄ8$)òģ#&		 
 #ě2'ɿ( NMuMGȡȼ' TGF-βÑǘ<× 24ƉʠŌ( RNA-seq^
X<ǫ	" RNAȥîXhJɴ(ơȠ<ɔ (ɕ 2)	 
 
ɕ 2. TGF-β'57ǸǦđÛ RNAȥîXhJɴ 
Gene Symbol (-) (FPKM) TGF-β (FPKM) fold 
Rbm47 19.9 2.9 0.146 
Tst 21.0 7.5 0.356 
Wdhd1 25.3 9.7 0.383 
Dhfr 17.8 7.3 0.407 
Ythdc2 9.1 4.1 0.448 
Rad51ap1 12.4 5.7 0.460 
Synj2 7.2 14.4 2.017 
Rbfox2 11.7 24.3 2.068 
Ccrn4l 3.0 6.4 2.104 
Pcbp4 13.1 27.7 2.123 
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Mex3d 8.0 17.2 2.143 
Rbms2 9.8 24.9 2.548 
Mex3b 2.4 7.2 2.972 
Adarb1 0.9 10.6 12.378 
Esrp2 (Rbm35b) 17.7 11.0 0.621 
 GO:0003723 (RNA binding) 653 records 
 
 RNA binding (?e]Q}&9"	8 653ʐ¢ĝ' 	"RNA-seq^
X NMuMGȡȼ#ǸǦɥ269 (FPKM²	9(On# 5) 
TGF-βÑǘ'57ǸǦ 2±đÛʐ¢ĝ) 14ÿĝ	(
Rbm47
) TGF-βÑǘ'57ƍ3ǸǦ(Ǒı RNAȥîXhJɴ#8$Ê	
Óɿ( Esrp2(ǸǦđÛ) 0.621±#8$6Rbm47(ǸǦđÜ(ʘəŗȉ
û98	RBM47)Ȟ 80?veʖ6&8 RNA recognition motifs (RRM) < 3 
Ə8 RNAȥîXhJɴ#8	i_ RBM47')NƒȔµ' RRMʶĈ $
CƒȔµ' alanine-richʶĈ<Ə"7~[_uBSF~BXAc'
	"3?veʖʔÌ)®Ğ9"	8 (ā 5A)	RBM47)ƝÃ''ĞĄ8$
ċõ9"	45,46 ƓĤʼ#Ãÿŗ( RBM47$ŅÐǸǦ RBM47
(ĳĄ<99ɣ«ȥƙƝ$ȡȼɴ(ƃ' RBM47(ǸǦɝī9	
/'ȡȼɴÃ( RBM47 TGF-βÑǘ'5"ţÐ98$Ê (ā
5B, C)	RBM47 TGF-βÑǘ'5"ȡȼɴ#3'ǑıǧǬ)ƓȆȒ#)
ƈ6'#&2Ō(ơɡœə#8	 
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ā 5. RBM47(?veʖʔÌ(Ȁïŗ$ RBM47(ĳĄ 
ˀAˁRBM47) NƒȔµ'RNA Recognition Motif (RRM) < 3 Ə"7
CƒȔµ' alanine-rich(ʔÌ<Ə8	 
ˀBˁH441 ȡȼ6XhJɴ<þçȡȼɴ'ó/98XhJɴ$Ɲ'
ó/98XhJɴ'Êǯ	BCSXm[]@K'57ȡȼ
ɴ$Ɲ(Êǯ'ó/98 RBM47 (ǸǦʚ<ɪ-	α-tubulin )ȡȼɴ(
N_$"HDAC1)Ɲ(N_$"¨ǫ	 
ˀC FˁLAG-RBM47<ŬÀ pcDNA3pJX<ʐ¢ĝįÀ HEK293Tȡ
ȼ6XhJɴ<þçȡȼɴ'ó/98XhJɴ$Ɲ'ó/98
XhJɴ'Êǯ	BCSXm[]@K'57ȡȼɴ$Ɲ(
Êǯ'ó/98 RBM47 (ǸǦʚ<ɪ-	α-tubulin )ȡȼɴ(N_
$"HDAC1)Ɲ(N_$"¨ǫ	 
 
 Ƭ'22°(ƮĺȡȼǷȡȼ<ó1ȡȼƜ( 1st strand cDNAhd<ǫ	"
RBM47(ǸǦ(ʋ	' 	"ɣ«	ģʚǺ RT-PCR'57 RBM47( mRNA(
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ǸǦʚ<ǓģȥƙRBM47)ȹɅǷȡȼ (A549ȡȼ˂H441ȡȼ)Ƿȡȼ 
(MCF7ȡȼ˂MDA-MB-231ȡȼ)ȺǷȡȼ (MKNȡȼ˂OCUMȡȼ)#ƴɻǺʽ
ǸǦ8$Ê (ā 6A)	#F~A(ǸǦuAJ?A(x
X?aQSɞƗ\<ǫ	"ȹǷ (ȹɅǷ)ǷȺǷ(Ǵ©#RBM47(
ǸǦ$Ō$(ʡ¬' 	"ɣ«ȥƙRBM47(ʽǸǦŚȶ(ŌɍĚ'Ə
ŝ'Ȁʡ8$Ê (ā 6B)	47,48 /ēđʚɞƗ(ȥƙRBM47(ǸǦ
)ǣȓŚȶ(Ōɛģÿĝ# (ɕ 3)	 
 
  
ā 6. ǷȡȼƜƮĺȡȼƜ'8 RBM47(ǸǦ5+Ō$(ʡ¬ 
ˀA 2ˁ2Ȑʹ(ǷȡȼƜƮĺȡȼƜ6 mRNA<þçģʚǺ PCR'57 RBM47
( mRNA(ǸǦʚ<ɪ-	A549ȡȼH441ȡȼ)ȹɅǷȡȼƜMCF7ȡ
ȼMDA-MB-231 ȡȼ)ǷȡȼMKN ȡȼOCUM ȡȼ)ȺǷȡȼƜ#
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8	 
ˀB RˁBM47(ǸǦʚ'Ċ!	ȹɅǷŚȶ (ĵā)ǷŚȶ (Ėā)ȺǷŚȶ (ì
ā) (ǩĞǥ< Kaplan-Meierǀ'"ɞƗ	2Ȱʠ(Ķ) Log-rank test'57
ơģ	 
 
ɕ 3. ȹǷå+Ƿ'8ēđʚɞƗ(ȥƙ  
Gene 
Symbol 
P value Hazard Ratio 
Lung cancer 
 
Histology 0.0077 1.31 (1.07 - 1.59) 
Stage 0 1.5 (1.31 - 1.71) 
RBM47 0.0127 0.73 (0.57 - 0.93) 
 
Breast cancer 
 
ESR1 0 0.64 (0.56 - 0.74) 
HER2 (ERBB2) 0.0001 1.32 (1.15 - 1.52) 
RBM47 0.0813 0.9 (0.79 - 1.01) 
 
2. TGF-β$ TTF-1'58 RBM47(ǸǦÐŏ  
 A549ȡȼ4 H441ȡȼ' TGF-βÑǘ<×24ƉʠŌRBM47(ǸǦđÜ<ɣ«
	ģʚǺ RT-PCR$BCSXm[]@K'57 RBM47(ǸǦʚ<Ǔģ
ȥƙA549ȡȼ4 H441ȡȼ' TGF-βÑǘ<×8$RBM47(ǸǦǑı8
$ɝī9 (ā 7A, B)	($6NMuMGȡȼ$ïƤ'A549ȡȼH441
ȡȼ'	"3 RBM47 (ǸǦ TGF-β '5"ţÐ98$Ê	Ƭ'
Isogaya 6'5"Ǹɕ9H441 ȡȼ'8Ť Smad3 Ť¥<ǫ	 ChIP-seq
(^X<ɞƗ	38 Control siRNA <įÀ H441 ȡȼ$ TTF-1 <ƥǺ$8
siRNA (siTTF-1) <įÀ H441ȡȼ'8 Smad3(ȥîʒ£<ȨȯǺ'ɞƗ
ȥƙ%6(ȡȼ'	"3 RBM47(ɺÅʟěǛ'	"Əŝ&QKak
 37 
Jɝī9 (ā 7C)	Isogaya 6(ċõ'57TTF-1 <ƥǺ$8 siRNA 
(siTTF-1) <įÀ8$#Smad(ȥîďŅ8ʶĈ8$ƈ6'&
RBM47(ɺÅʟěǛɾ'	")Smad(ȥîȽ)ʇ9&	 
 
 
ā 7. ȹɅǷȡȼƜ#( TGF-β'58 RBM47(ǸǦđÜ$ Smad3(ȥîʒ£ 
ˀA Aˁ549ȡȼ$ H441ȡȼ' 2.5 ng/ml( TGF-βÑǘ<× 24ƉʠŌģʚǺ PCR
'57 RBM47( mRNA(ǸǦʚ<ɞƗ	ɖƮ) GAPDH<¨ǫ	D
~g)ƥǕ³Ķ<ȉ	 
ˀB Aˁ549ȡȼ$ H441ȡȼ' 2.5 ng/ml( TGF-βÑǘ<× 24ƉʠŌBCSX
m[]@K'57 RBM47(XhJɴ(ǸǦʚ<ɞƗ	α-tubulin)N
_$"¨ǫ	ImageJ <ǫ	"ģʚǜÑǘ(On(²<
1.00$ģ2$(ȀĬ²<'ȉ	 
ˀCˁTTF-1<ƥǺ$8 siRNA (siTTF-1) /)N_ siRNA (siCT) <įÀ
 H441ȡȼ' 1.0 ng/ml( TGF-βÑǘ<× 24ƉʠŌȡȼ<ĂģŤ
Smad3Ť¥'57 ChIP-seq<ɔ	RBM47ʐ¢ĝŃɾ¶(QKakJ<
ȉ	 
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 ɾĿ(ȆȒ6ȹɅǷ'	"ɺÅÿĝ TTF-1Ƿ­ʇÿĝ$"(º$15,16 
ǷţÐÿĝ$"(º(ƃ8$;717 Ƿ(Ō'ʡ;8ɺÅÿĝ$
"ȂǾ9"	8	#TTF-1$ RBM47$(ʡ¬' 	"ɣ«	RBM47
(nyX,( TTF-1 (ȥî<ɣ«82Isogaya 6'5"Ǹɕ9
H441ȡȼ'8Ť TTF-1Ť¥<ǫ	 ChIP-seq(^X<ɞƗ	38 TTF-1(
ȥîʒ£<ȨȯǺ'ɞƗȥƙRBM47 (ɺÅʟěǛ'	"Əŝ&QKa
kJɝī9 (ā 8A)	/RBM47(ɺÅʟěǛɾ (+700 bp ~ +704 bp
+1110 bp ~ +1114 bp ) '	"TTF-1(ȥîyZl AAGTGĞĄ	38 
#H441ȡȼ'	" TTF-1< knockdownRBM47(ǸǦđÜ<ɣ«	BC
SXm[]@K'57 TTF-1$ RBM47(ǸǦʚ<ǓģȥƙTTF-1(Ǹ
ǦʚǑı8$# RBM47(ǸǦʚǑı8$ɝī9 (ā 8B)	/
ģʚǺ RT-PCR'57ǓģȥƙTGF-βÑǘ'58 TTF-1(ǸǦʚ(ʸɐ&đÜ
)ɝī9&	Ƭ'TTF-1 (Əŝ&QKakJ<ó1 RBM47 (ɺÅʟ
ěǛɾ-1950 bp ~ +50 bp<JbKpGL4.10pJX'įÀ (RBM47 
promoter-Luc)	"LacZ /) TTF-1 <ŅÐǸǦ8?^eBAS<Şƛ
 A549ȡȼ'ʐ¢ĝįÀluciferase(Ǆŗ<ɣ«ȥƙTTF-1<ŅÐǸǦ
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8?^eBAS<Şƛ A549ȡȼ#)RBM47(nyXǄŗ(ď×
ɝī9 (ā 8C)	($6TTF-1 RBM47( promoterɾ'ȥî
RBM47(ǸǦ<­ʇ8$ȉû9	 
 
 
ā 8. ȹɅǷȡȼƜ#( TTF-1'58 RBM47(ǸǦđÜ$ TTF-1(ȥîʒ£ 
ˀAˁH441 ȡȼ<ĂģŤ TTF-1 Ť¥'57 ChIP-seq <ɔ	RBM47 ʐ
¢ĝŃ#(QKakJ<ȉ	 
ˀB TˁTF-1<ƥǺ$8 siRNA (siTTF-1) /)N_ siRNA (siCT) <
įÀ H441 ȡȼ6XhJɴ<þçBCSXm[]@K
'57 RBM47 (ǸǦʚ<ɪ-	α-tubulin )N_$"¨ǫ
	 
ˀCˁFLAG-LacZ /) FLAG-TTF-1 <ŅÐǸǦ8?^eBAS<Şƛ
 A549ȡȼ' RBM47 promoter-Luc<ʐ¢ĝįÀ48ƉʠŌ'Ql
C~VtX?[UA<ɔ	D~g)ƥǕ³Ķ<ȉ	
/BCSXm[]@K'57FLAG-LacZ (Ad-LacZ) /)
FLAG-TTF-1 (Ad-TTF-1) <ŅÐǸǦ8?^eBAS<Şƛ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A549ȡȼ#(TTF-1(ǸǦʚ<ɣ«	 
 
3. RBM47ǸǦŘĺƫŴƜ(§ɗ$ RBM47(ƩȽ(ɞƗ  
 RBM47(ƩȽ<ɪ-82RBM47<ŘĺǺ' knockdownȡȼƜ(ƨȓ<
ɤ0	ƍÍ'luciferase <ǸǦ8ZBAS<§ɗA549 ȡȼ'Şƛ
luciferase <ŘĺǺ'ǸǦ8 A549 ȡȼ (A549-Luc ȡȼ) <§ɗ	Ƭ'2
Ȑʹ(Ǳ&8RBM47(ʔÌ<ƥǺ$8 shRNA (shRBM47#1, shRBM47#2) 5+N
_<ǸǦ8ZBAS<§ɗA549-Luc ȡȼ'ŞƛRBM47
<ŘĺǺ' knockdown A549ȡȼ (A549-Luc-shCTȡȼA549-Luc-shRBM47#1
ȡȼA549-Luc-shRBM47#2 ȡȼ) <§ɗ	BCSXm[]@K'57
RBM47 (ǸǦʚ<ǓģȥƙA549-Luc-shCT ȡȼ'ƴ- A549-Luc-shRBM47#1
ȡȼA549-Luc-shRBM47#2 ȡȼ'8 RBM47 (ǸǦʚ(Ǒıɝī9 (ā
9A)	ō"shRNA '57ʽ	 knockdown Úǥ#RBM47 (ǸǦţÐ9
$  Ê    	 Ƭ '  RNA-seq ' 5 7  A549-Luc-shCT ȡ ȼ ' ƴ -
A549-Luc-shRBM47#1ȡȼ'	"đÜʐ¢ĝ<ȨȯǺ'ɞƗ	ɞƗ'¨ǫ
ʐ¢ĝǸǦ^X)A549-Luc-shCT ȡȼ$ A549-Luc-shRBM47#1 ȡȼ(O
nƴɻ'	" fragments per kilobases of exon per million sequence read (FPKM) ²
10(3(<¨ǫ	TGF-βʱĞĄ(^X<ǫ	"GSEA'57F_
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RɞƗ<ɔȥƙA549-Luc-shRBM47#1ȡȼ#ď×ʐ¢ĝ(
Nrf2(
ǿŮ(ƥǺʐ¢ĝȰGSEA ( Molecular Signatures Database (MSigDB) ' C6: 
oncogenic signatures $"ǹʜ9"	8ʐ¢ĝU[_# 2 ǰǾ' normalized 
enrichment score (NES) (ʽ	Ƿʡʅ(ʐ¢ĝȰ#8$Ê (ā 9B, ɕ 4)	
49 96( Nrf2(ƥǺʐ¢ĝ')aldo-keto reductase family 1, member C1 (AKR1C1)
aldehyde dehydrogenase 3 family, member A1 (ALDH3A1)glutathione peroxidase 2 
(GPX2)sulfiredoxin 1 (SRXN1) ó/9"	8	ģʚǺ RT-PCR'5796(ÿ
ĝ( mRNA (ǸǦʚ<ǓģȥƙTGF-β ʱĞĄ( A549-Luc-shRBM47#1 ȡȼ
$ A549-Luc-shRBM47#2ȡȼ#mRNAď×8$ɝī9 (ā 9C)	 
 
 
ā 9. RBM47( knockdown'58 Nrf2(ƥǺʐ¢ĝ(ǸǦđÜ 
ˀAˁNegative Control <įÀ A549 ȡȼ (shCTˈA549-Luc-shCT ȡȼ)RBM47
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<ƥǺ$8 shRNA<įÀ A549ȡȼ (shRBM47#1ˈ A549-Luc-shRBM47#1
ȡȼshRBM47#2ˈA549-Luc-shRBM47#2ȡȼ) 6XhJɴ<þçBC
SXm[]@K'57RBM47(XhJɴ(ǸǦʚ<ɪ-	α-tubulin
)N_$"¨ǫ	 
ˀB RˁNA-seq#Ŏ69ȥƙ< GSEA'57F_RɞƗ<ɔȥƙ<ȉ	
NFE2L2 (Nrf2) (ƥǺʐ¢ĝ( enrichment plot<ȉ	 
ˀCˁA549-Luc-shCT ȡȼ  (shCT)A549-Luc-shRBM47#1 ȡȼ  (shRBM47#1)
A549-Luc-shRBM47#2ȡȼ (shRBM47#2) 6 RNA<þçģʚǺ PCR '5
7 Nrf2(ƥǺʐ¢ĝ#8 AKR1C1ALDH3A1GPX2SRXN1( mRNA(
ǸǦʚ<ɪ-	ɖƮ) GAPDH<¨ǫ	D~g)ƥǕ³Ķ<ȉ	 
 
ɕ 4. RBM47< knockdownȡȼ#ǸǦď×ʐ¢ĝȰ 
Name size NES FDR q-val 
CSR_LATE_UP.V1_DN 52 2.02 0.0053 
NFE2L2.V2 142 1.85 0.0360 
MEK_UP.V1_UP 99 1.83 0.0358 
MEL18_DN.V1_UP 60 1.72 0.0735 
AKT_UP.V1_UP 66 1.72 0.0646 
RB_P130_DN.V1_UP 59 1.69 0.0705 
STK33_SKM_UP 73 1.59 0.0955 
ESC_V6.5_UP_LATE.V1_UP 64 1.59 0.0918 
ERB2_UP.V1_UP 84 1.56 0.0870 
ATF2_UP.V1_DN 50 1.56 0.0834 
P53_DN.V1_DN 69 1.54 0.0965 
ESC_J1_UP_EARLY.V1_DN 75 1.52 0.1044 
PRC2_EDD_UP.V1_UP 101 1.52 0.1045 
EGFR_UP.V1_UP 92 1.51 0.1053 
BMI1_DN.V1_UP 64 1.50 0.1082 
ESC_J1_UP_LATE.V1_DN 76 1.50 0.1054 
 
 Ƭ'RNA-seq(ȥƙ6 A549-Luc-shCTȡȼ'ƴ-A549-Luc-shRBM47#1ȡȼ
'	" 2±đÜʐ¢ĝ$TGF-βÑǘ<× A549-Luc-shCTȡȼ'	
" 2 ±đÜʐ¢ĝ(Ȁʡŗ' 	"ơɡ<ɔ (ā 10A)	/RBM47
( knockdown '57 2 ±ǑıTGF-β Ñǘ# 2 ±Ǒıʐ¢ĝ 146
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ÿĝ7RBM47( knockdown'57 2±ď×TGF-βÑǘ# 2±ď×
ʐ¢ĝ 215ÿĝ	/RBM47( knockdown'57 2±Ǒı
TGF-βÑǘ# 2±ď×ʐ¢ĝ 48ÿĝ7RBM47( knockdown'57 2
±ď×TGF-βÑǘ# 2±Ǒıʐ¢ĝ 68ÿĝ	ƌ'RBM47
( knockdown'57 2±ď×TGF-βÑǘ# 2±ď×ʐ¢ĝ 215ÿĝ
(')Nrf2<Ðŏ8Maf family(ÿĝ3ó/9"		GSEA'57F_
RɞƗ<ɔʐ¢ĝ(
2ǰǾ'ʽ	Ƿ(ʐ¢ĝȰ#8 Nrf2(ƥǺʐ¢ĝ
)RBM47( knockdown'57 2±ď×TGF-βÑǘ# 2±ď×ʐ
¢ĝ 215ÿĝ(
ˆÿĝó/9"	ƃ#RBM47( knockdown'57 2±
ď×TGF-β Ñǘ# 2 ±Ǒıʐ¢ĝ#8 68 ÿĝ(
9 ÿĝ
ó/98$Ê	ƌ'EMT<Ðŏ8ÿĝ$"Ȅ69"	8 Snail4 Slug
(ǸǦʚ<ģʚǺ RT-PCR '57ǓģȥƙTGF-β Ñǘ'57 Snail $ Slug (
mRNA(ǸǦʚ)ď×RBM47( knockdown'57TGF-βÑǘ'58 Snail
$ Slug( mRNA(ǸǦʚ(ď×1:ţ698$Ê (ā 10B)	 
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ā 10. RBM47< knockdownȡȼ(ʐ¢ĝ(đÛ$ TGF-β#ĕ&îü¬
ĆÓ>Ć:'ĆÚĆɣ« 
ˀAˁA549-Luc-shCTȡȼ$ A549-Luc-shRBM47#1ȡȼ (shRBM47#1) '9
9' TGF-βÑǘ<×24ƉʠŌ' RNA<þçRNA-seq'57mRNA
(ǸǦʚ(đÜ<ȨȯǺ'ɞƗ	A549-Luc-shCT ȡȼ'ƴ-
A549-Luc-shRBM47#1 ȡȼ#ǸǦ 2 ±đÛʐ¢ĝž$
A549-Luc-shCTȡȼ' TGF-βÑǘ<×$ǸǦ 2±đÛ
ʐ¢ĝž(ʡ¬<ɕ#ȉ	 
ˀBˁA549-Luc-shCT ȡȼ (shCT)A549-Luc-shRBM47#1 ȡȼ (shRBM47#1)
A549-Luc-shRBM47#2 ȡȼ (shRBM47#2) 99' TGF-β Ñǘ<×
24ƉʠŌ' mRNA<þçRT-PCR'57 Snail$ Slug( mRNA(Ǹ
Ǧʚ<Ǔģ	ɖƮ) GAPDH<¨ǫ	 
 
 ƓȆȒ#)F_RɞƗ#£'£Ȯ RBM47( Nrf2<Ðŏ8ÿĝ'
Ĭ8§ǫƩƣ' 	"ơɡ	RNA immunoprecipitation (RIP) '57A549ȡȼ
(Á RNA6 RBM47'ȥî8Ãÿŗ( RNA<ŧÉƬQLO<ǫ
	"RIP#ŧÉ RNA<ģʚ (RIP-seq)	RNA-seq(ɞƗ6TGF-βÑǘ
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<×"	&	A549-Luc-shCTȡȼ# FPKM² 10(ʐ¢ĝ) 5730ÿĝ7
(
rabbit IgG 'Ĭ RBM47 Ť¥<ǫ	 RIP On# 4 ±( fold 
enrichment<ȉʐ¢ĝ) 165ÿĝ	ƅȄ(Nrf2<Ðŏ8ÿĝ#8Nrf2
KEAP1CUL3RBX1p21/CDKN1Asmall Mafs' 	"ȂǾ" RIP-seq(^
X<ɞƗȥƙRBM47) KEAP1$ CUL3 mRNA,(ȥî)ɝī9
((ÿĝ( mRNA,(ȥî)ɝī9& (ā 11)	 
 
  
ā 11. RBM47'ȥî Nrf2KEAP1CUL3RBX1( mRNA(ȥîʚ(ɣ« 
A549ȡȼ6 RNA<þçŤ RBM47Ť¥<ǫ	" RBM47'Ĭ8 RIP<
ɔ	RIP'57ŧÉ RNA<deep sequencing'57ïģģʚ	
RBM47 'ȥî Nrf2KEAP1CUL3RBX1 ( mRNA ʚ<ȉ	RBM47
(Ť¥<ǫ	 RIP )biological replicates $" 2 Onǫŝ 
(RBM47_1, RBM47_2)	N_$"~j[_ IgGŤ¥<¨ǫ	 
 
 6ƓȆȒ#)RBM47 KEAP1$ CUL3( mRNA'ȥî8$'Ȃ
Ǿ	ģʚǺ RT-PCR'57 KEAP1$ CUL3( mRNA(ǸǦʚ<Ǔģȥƙ
A549-Luc-shRBM47#1 ȡȼ#) KEAP1 ( mRNA (ǸǦʚ(ď×ɝī9
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A549-Luc-shRBM47#2ȡȼ#) KEAP1( mRNA(ǸǦʚ'đÜ)ɝī9& 
(ā 12A)	/A549-Luc-shRBM47#1 ȡȼ$ A549-Luc-shRBM47#2 ȡȼ'	"
CUL3( mRNA(ǸǦʚ'đÜ)ɝī9& (ā 12A)	Ƭ'Actinomycin D
'57 mRNA(îŠ<ʣħKEAP1$ CUL3( mRNA(áǑƐ' 	"ģʚǺ
RT-PCR'57ɣ«<ɔ	A549-Luc-shRBM47#1ȡȼ$ A549-Luc-shRBM47#2ȡ
ȼ' Actinomycin D<×"6 3ƉʠŌ$ 6ƉʠŌ#) KEAP1( mRNA(ơÉʚ
)ǑıActinomycin D<×" 12ƉʠŌ#) KEAP1( mRNA(ơÉʚ'đÜ)
ɝī9& (ā 12B)	/A549-Luc-shRBM47#1ȡȼ$ A549-Luc-shRBM47#2
ȡȼ'Actinomycin D<×" 3ƉʠŌ#) CUL3(mRNA(ơÉʚ'đÜ)ɝī
9Actinomycin D<×" 6ƉʠŌ$ 12ƉʠŌ#) CUL3( mRNA(ơÉʚ)
¹'Ǒı (ā 12B)	Ƭ'BCSXm[]@K'57 KEAP1 $ CUL3
( X  h J ɴ ( Ǹ Ǧ ʚ < Ǔ ģ   ȥ ƙ  A549-Luc-shRBM47#1 ȡ ȼ $
A549-Luc-shRBM47#2ȡȼ'	"KEAP1$ CUL3(XhJɴ(ǸǦʚǑı
8$ɝī9 (ā 12C)	/BCSXm[]@K'57ïƕ(O
n# Nrf2 (XhJɴ(ǸǦʚ<ǓģȥƙA549-Luc-shRBM47#1 ȡȼ$
A549-Luc-shRBM47#2ȡȼ'	"Nrf2(XhJɴ(ǸǦʚ'đÜ)ɝī9&
 (ā 12D)	9/#A549ȡȼ)KEAP1'đǱ7Nrf2XhJɴ
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ġģÜ8$Ê"	8	24 KEAP1 'đǱ"3Nrf2 ,(ȥ
îȧŪ9ʂĺ(n]?Ww(Êɞ$)ǣȓ"Nrf2(Ǆŗ<ţÐ8$
	
$ċõ9"	8	50 ō"RBM47) KEAP1$ CUL3( mRNA'ȥî
KEAP1 $ CUL3 (XhJɴ(ǸǦ<­ʇ8$#Nrf2 (Ǆŗ<ţÐ
êȽŗȉû9	 
 
 
ā 12. RBM47( knockdown'58 KEAP1CUL3(ǸǦđÜ 
ˀAˁA549-Luc-shCT ȡȼ  (shCT)A549-Luc-shRBM47#1 ȡȼ  (shRBM47#1)
A549-Luc-shRBM47#2ȡȼ (shRBM47#2) 6 RNA<þçģʚǺ PCR '5
7 KEAP1, CUL3( mRNA(ǸǦʚ<ɪ-	ɖƮ) GAPDH<¨ǫ	D
~g)ƥǕ³Ķ<ȉ	 
ˀBˁA549-Luc-shCT ȡȼ  (shCT)A549-Luc-shRBM47#1 ȡȼ  (shRBM47#1)
A549-Luc-shRBM47#2ȡȼ (shRBM47#2) ' Actinomycin D<Ǎ×Ǎ×8
Ó$Ǎ×"6 3612ƉʠŌ(ȡȼ6 RNA<þçģʚǺ PCR '5
7 KEAP1, CUL3( mRNA(ǸǦʚ(đÜ<ɪ-	 
ˀCˁA549-Luc-shCT ȡȼ  (shCT)A549-Luc-shRBM47#1 ȡȼ  (shRBM47#1)
A549-Luc-shRBM47#2ȡȼ (shRBM47#2) 6XhJɴ<þçBCSX
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m[]@K'57 KEAP1, CUL3(XhJɴ(ǸǦʚ<ɪ-	α-tubulin
)N_$"¨ǫ	ImageJ<ǫ	"g`(Ĕ<ģʚshCT
(²< 1.00$ģ2$(ȀĬ²<'ȉ	 
ˀDˁA549-Luc-shCT ȡȼ  (shCT)A549-Luc-shRBM47#1 ȡȼ  (shRBM47#1)
A549-Luc-shRBM47#2ȡȼ (shRBM47#2) 6XhJɴ<þçBCSX
m[]@K'57 Nrf2(XhJɴ(ǸǦʚ<ɪ-	α-tubulin)N_
$"¨ǫ	 
 
 #Nrf2(ƥǺʐ¢ĝɺÅɪȚʶĈ'ĞĄ8 AREʒ£'Ĭ8ȥîȽ<Ǔ
ģ	/RNA-seq'57 RBM47 shRNA'58ƥǺʐ¢ĝ(ǸǦʚ(đÜ<ɞ
ƗȥƙA549-Luc-shRBM47#1ȡȼ'	"Nrf2(ƅȄ(ǿŮ(ƥǺʐ¢ĝ#
8 GPX2SRXN1HMOX1( mRNAď×8$ɝī9	51,52 Ƭ'Ť
Nrf2Ť¥<ǫ	" ChIP-qPCR'57 GPX2 $ SRXN1( 5’nyX( AREʒ£
'Ĭ8ȥîȽ<Ǔģȥƙ A549-Luc-shRBM47#1ȡȼ$ A549-Luc-shRBM47#2
ȡȼ'	"Nrf2 (ȥîȽď×8$ɝī9	HMOX1 ( 5’
nyX( ARE ʒ£'Ĭ8ȥîȽ<ǓģȥƙA549-Luc-shRBM47#1 ȡ
ȼ$ A549-Luc-shRBM47#2 ȡȼ'	"Nrf2 (ȥîȽ'đÜ)ɝī9& 
(ā 13A)	Ƭ'RBM47( siRNA<ʐ¢ĝįÀ H441ȡȼ#3 A549ȡȼ$ïƤ
(Ĥʼ<ɔ	Ť Nrf2Ť¥<ǫ	" ChIP-qPCR'57GPX2 $ HMOX1( 5’n
yX( AREʒ£'Ĭ8ȥîȽ<Ǔģȥƙ RBM47( siRNA<ʐ¢ĝ
įÀ H441ȡȼ'	"Nrf2(ȥîȽď×8$ɝī9 (ā 13B)	 
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ā 13. RBM47( knockdown'58 Nrf2(Mew'Ĭ8ȥîȽ(đÜ 
ˀAˁA549-Luc-shCT ȡȼ  (shCT)A549-Luc-shRBM47#1 ȡȼ  (shRBM47#1)
A549-Luc-shRBM47#2ȡȼ (shRBM47#2) <ĂģŤ Nrf2Ť¥'57 ChIP
<ɔ	GPX2, HMOX1, HBB(ɺÅʟěǛɾ(Mewʐ¢ĝ(ďĻ<ɔ

n~Au<ǫ	" PCR<ɔ	HBB)N_$"¨ǫ	 
ˀBˁN_ (siCT) 8	) RBM47 (siRBM47#1, #2) <ƥǺ$8 siRNA
<įÀ H441 ȡȼ<ĂģŤ Nrf2 Ť¥'57 ChIP <ɔ	GPX2, 
HMOX1, HBB(ɺÅʟěǛɾ(Mewʐ¢ĝ(ďĻ<ɔ
n~Au<ǫ
	" PCR<ɔ	HBB)N_$"¨ǫ	 
 
Ć¡sèRBM47ć Nrf2Ć"[5>āëĒ KEAP1, CUL3Ć mRNAą¡.øĒõ
Ăñ ðþüéĊüèRBM47Ć knockdownąďđèKEAP1, CUL3ĆĨŀİĞÇĆØñ
L÷èNrf2 ĆyÓ>Ć ARE ÔĈĆ¡.­ñ9&øĒõĂñ ðþüéõĆõĂð
ĐèRBM47ć KEAP1Ď CUL3ĆmRNAąh¡.÷èKEAP1 Ă CUL3ĆĕÐø
ĒõĂāèNrf2ĆyÓ>ĈĆ¡.ĕe"÷èNrf2Ć_ĕe"÷üõĂñ3öēĒé 
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Ƭ'Nrf2, KEAP1, CUL3, RBX1 Ē( Nrf2 (Ðŏÿĝ#8 p21/CDKN1A $
MafK(ǸǦ'Ĭ8 RBM47(§ǫƩƣ' 	"ɣ«<ɔ	RIP-seq(ɞƗ6
RBM47) p21/CDKN1A$MafK ( mRNA')ȥî"	&	ƃRNA-seq
(^X6 p21/CDKN1A $ MafK ( mRNA (ǸǦʚ<ɞƗȥƙ
A549-Luc-shRBM47#1ȡȼ'	"p21/CDKN1A$MafK( mRNA(ǸǦʚ(ď×
ɝī9	TGF-β)p21/CDKN1A$MafK(ǸǦ<ď×8$Ȅ69"
728,53 ƓȆȒ'	"3RBM47(ʱĞĄ#A549-Lucȡȼ' TGF-βÑǘ<
×8$'57p21/CDKN1A $ MafK ( mRNA (ǸǦʚď×8$ɝī
9 (ā 14)	ō"RBM47) p21/CDKN1A4 MafK( mRNA')ȥî&	
3((ʠŮǺ' p21/CDKN1A4MafK(ǸǦʚ<ţÐ8$ȵ698	
6RBM47) KEAP1CUL3(XhJɴ(ǸǦ<­ʇp21/CDKN1AMafK
(ǸǦ<ţÐ8$#Nrf2(Ǆŗ<ɘîǺ'ʣħ8êȽŗȉû9	 
 
 
ā 14. RBM47( knockdown$ TGF-βÑǘ'58Maf familyÿĝ$ p21/CDKN1A
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( mRNA(ǸǦʚ(đÜ 
RNA-seq(^X6RBM47( knockdown'58Maf familyÿĝ (MafF, 
MafG, MafK) $ p21/CDKN1A( mRNA(ǸǦʚ(đÜ<ɣ«	D~
g)ƥǕ³Ķ<ȉ	 
 
 Ƭ'RBM47ȥî Nrf2(ǄŗÐŏÿĝĒ(ÿĝ( mRNA' 	"ȂǾ
	RIP-seq(ɞƗ6RBM47) ATP5L4 NDUFS6$	ȡȼÃɭ'ʡ;8
ÿĝ( mRNA'ȥî8$Ê (ā 15A)	ģʚǺ RT-PCR'57 ATP5L$
NDUFS6(mRNAʚ<ǓģȥƙA549-Luc-shRBM47#1ȡȼ#)ATP5L(mRNA
(ǸǦʚď×A549-Luc-shRBM47#2ȡȼ#) ATP5L( mRNA(ǸǦʚ'đÜ
)ɝī9&	/A549-Luc-shRBM47#1 ȡȼ#) NDUFS6 ( mRNA (Ǹ
Ǧʚ)ď×A549-Luc-shRBM47#2 ȡȼ#) NDUFS6 ( mRNA (ǸǦʚ'đÜ)
ɝī9& (ā 15B)	Ƭ'BCSXm[]@K'57 ATP5L $
NDUFS6 (XhJɴ(ǸǦʚ<ǓģȥƙA549-Luc-shRBM47#1 ȡȼ$
A549-Luc-shRBM47#2 ȡȼ'	"ATP5L $ NDUFS6 (XhJɴ(ǸǦʚ(¹
&ď×ɝī9 (ā 15C)	 
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ā 15. RBM47 'ȥî ATP5LNDUFS6 ( mRNA (ȥîʚ $ RBM47 (
knockdown'58 ATP5LNDUFS6(ǸǦđÜ 
ˀAˁA549ȡȼ6 RNA<þçŤ RBM47Ť¥<ǫ	" RBM47'Ĭ8
RIP<ɔ	RIP'57ŧÉ RNA<deep sequencing<ǫ	"ģʚ
	RBM47'ȥî ATP5LNDUFS6( mRNAʚ<ȉ	RBM47
(Ť¥<ǫ	 RIP)2Onǫŝ (RBM47_1, RBM47_2)	N
_$"~j[_ IgGŤ¥<¨ǫ	 
ˀBˁA549-Luc-shCT ȡȼ (shCT)A549-Luc-shRBM47#1 ȡȼ (shRBM47#1)
A549-Luc-shRBM47#2 ȡȼ (shRBM47#2) 6 mRNA <þçRT-PCR
'57 ATP5L$ NDUFS6( mRNA(ǸǦʚ<Ǔģ	ɖƮ) GAPDH
<¨ǫ	 
ˀCˁA549-Luc-shCT ȡȼ (shCT)A549-Luc-shRBM47#1 ȡȼ (shRBM47#1)
A549-Luc-shRBM47#2 ȡȼ (shRBM47#2) 6XhJɴ<þçBC
SXm[]@K'57 ATP5L $ NDUFS6 (XhJɴ(ǸǦʚ<
Ǔģ	α-tubulin)N_$"¨ǫ	ImageJ<ǫ	"ģʚ
shCT(²< 1.00$ģ2$(ȀĬ²<'ȉ	 
 
|ąèRNA-seqąďđèRBM47Ć knockdownąďđñ:(÷ü Nrf2ĆyÓ>
;Ć5>ĕ£¥ą¾r÷ü¡sèèRBM47Ć knockdownąďđ EGFĆ5>Ć
ñ	ÐøĒõĂñ ðþüéNrf2Ă EGFĆ5>ąćäøĒ5>ñ<óëđèģğĭ
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ĽñìąĞĿĤĬłĞøĒõĂñ§îĐēĀìĒéĊüèRBM47ćWntģğĭĽąÚĔĒõ
Ăñ82öēĀìĒé46 Ć82ðĐèqĆ¡sĂ.ĔúèRBM47 ćºlĆ Èą
þĀøĒõĂñ3öēĒé 
 
4. RBM47(ȡȼʖȟǉɱʚ$ side populationƴǥ'Ĭ8ňʴ  
 RBM47( knockdown'5"ď× Nrf2(ƥǺʐ¢ĝ')ȡȼ(÷ôɭ'
Ĭ"ʘə&ÿĝó/9"	8$Ȅ69"	8	54 #ȡȼ(ĉʻǊ'
ó/98ʖȟ(ǉɱʚ (OCR) <Ǔģ8$'57RBM47(ȡȼ(ɭ'Ĭ8
ňʴ<ơɡ	Mito stress test (n_N'ō"A549-Luc-shCT ȡȼ$
A549-Luc-shRBM47#1ȡȼ$ A549-Luc-shRBM47#2ȡȼ(ʖȟǉɱʚ<Ǔģ (ā
16A)	Oligomycin <Ǎ×8Ó(ʖȟǉɱʚ<ǓģȥƙA549-Luc-shRBM47#1
ȡȼ$ A549-Luc-shRBM47#2ȡȼ#)ʖȟǉɱʚʸɐ'ď×8$ɝī9
 (ā 16B)	ō"RBM47( knockdown'57A549ȡȼ(ĊȈ÷ô­ʇ8
$Ê	/Oligomycin<Ǎ×Ƭ(ǓģǛ/#(ʖȟǉɱʚ(Ǒıʚ
<ƴɻȥƙA549-Luc-shRBM47#1ȡȼ$ A549-Luc-shRBM47#2ȡȼ#)ʖȟ
ǉɱʚ(Ǒıʚď×8$ɝī9	ō"RBM47( knockdown'57
A549 ȡȼ( ATP Ǫǩ­ʇ8$Ê	/FCCP <Ǎ×Ō(ʖȟ
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ǉɱʚ<ǓģȥƙA549-Luc-shRBM47#1ȡȼ$A549-Luc-shRBM47#2ȡȼ#)
ʖȟǉɱʚď×8$ɝī9	ō"RBM47( knockdown'57A549
ȡȼ(ƍĔ÷ô3­ʇ8$Ê	A549 ȡȼ(ĊȈ÷ô$ƍĔ÷ô.$
=%đ;6&2A549 ȡȼ#)·÷ôȽı&	$ȵ698	ƌ
'Antimycin A <Ǎ×Ō(ʖȟǉɱʚ<ǓģȥƙA549-Luc-shRBM47#1
ȡȼ$ A549-Luc-shRBM47#2ȡȼ#)ʖȟǉɱʚ¹'ď×8$ɝī9
	ō"RBM47( knockdown'57v_N`?'56&	÷ô3­ʇ
8$Ê	(ȥƙ6RBM47) A549ȡȼ(ʖȟǉɱʚ<ţÐ8
$ȉû9	 
 
 
ā 16. RBM47( knockdown'58ȡȼ(ʖȟǉɱʚ(đÜ 
ˀAˁȡȼĒl~[JS?a~AP<ǫ	"A549-Luc-shCT ȡȼ (shCT)
A549-Luc-shRBM47#1 ȡ ȼ  (shRBM47#1)  A549-Luc-shRBM47#2 ȡ ȼ 
(shRBM47#2) (ʖȟǉɱʚ (OCR) <Ǔģ	OCR(Ǔģ')v_N
`?S_S]S_(ūȉ'ō"ɔ	Oligomycin (Oligo) $
 55 
Antimycin A (AA) ) ƍ Ȣ ǚ ł 1 μmol/L  carbonyl cyanide 
p-trifluoromethoxyphenyl hydrazine (FCCP) (ƍȢǚł) 16 μmol/L#¨ǫ
	D~g)ƥǕɨĶ<ȉ	 
ˀBˁOligomycin <Ǎ×8/#'Ǔģ A549-Luc-shCT ȡȼ  (shCT)
A549-Luc-shRBM47#1 ȡ ȼ  (shRBM47#1)  A549-Luc-shRBM47#2 ȡ ȼ 
(shRBM47#2) ( OCR (ȑȘ²<ȡȼ(ĊȈ÷ôʚ$"ƞK~l#ɕ
	A549-Luc-shCT ȡȼ(ĊȈ÷ôʚ'Ĭ" A549-Luc-shRBM47#1 ȡȼ
A549-Luc-shRBM47#2 ȡȼ(99(ĊȈ÷ôʚ' 	"t-ơģ<ɔ
	D~g)ƥǕɨĶ<ȉ	*) p < 0.05<ȉ	 
 
 TGF-βÑǘ<× A549ȡȼ' 	"3ïƤ'ʖȟǉɱʚ<Ǔģ (ā 17A)	
Oligomycin<Ǎ×8Ó(ʖȟǉɱʚ<ǓģȥƙTGF-βÑǘ<× A549ȡ
ȼ#)ʖȟǉɱʚʸɐ'ď×8$ɝī9 (ā 17B)	ō"TGF-β
Ñǘ'57A549 ȡȼ(ĊȈ÷ô­ʇ8$Ê	/Oligomycin <
Ǎ×Ƭ(ǓģǛ/#(ʖȟǉɱʚ(Ǒıʚ<ƴɻȥƙTGF-βÑǘ<×
A549 ȡȼ#)ʖȟǉɱʚ(Ǒıʚď×8$ɝī9	ō"TGF-β
Ñǘ'57A549 ȡȼ( ATP Ǫǩ­ʇ8$Ê	/FCCP <Ǎ×
Ō(ʖȟǉɱʚ<ǓģȥƙTGF-βÑǘ<× A549ȡȼ#)ʖȟǉɱ
ʚď×8$ɝī9	ō"TGF-β Ñǘ'57A549 ȡȼ(ƍĔ÷ô
3­ʇ8$Ê	ƌ'Antimycin A<Ǎ×Ō(ʖȟǉɱʚ<Ǔģ
ȥƙTGF-βÑǘ<× A549ȡȼ#)ʖȟǉɱʚď×8$ɝī9
	ō"TGF-βÑǘ'57v_N`?'56&	÷ô3­ʇ8$Ê
 56 
	(ȥƙ6RBM47'58ʖȟǉɱʚ(ţÐ' 	")ǅ( TGF-β
(§ǫ$ɋ8§ǫ<ȉ	 
 
 
ā 17. TGF-βÑǘ<×ȡȼ(ʖȟǉɱʚ(đÜ 
ˀAˁȡȼĒl~[JS?a~AP<ǫ	"A549ȡȼ$ TGF-βÑǘ<×
"6 24ƉʠŌ( A549ȡȼ( OCR<Ǔģ	OCR(Ǔģ')v_
N`?S_S]S_(ūȉ'ō"ɔ	Oligomycin (Oligo) $
Antimycin A (AA) ) ƍ Ȣ ǚ ł 1 μmol/L  carbonyl cyanide 
p-trifluoromethoxyphenyl hydrazine (FCCP) (ƍȢǚł) 16 μmol/L#¨ǫ
	D~g)ƥǕɨĶ<ȉ	 
ˀBˁOligomycin <Ǎ×8/#'Ǔģ A549 ȡȼ$ TGF-β Ñǘ<×"
6 24ƉʠŌ( A549ȡȼ( OCR(ȑȘ²<ȡȼ(ĊȈ÷ôʚ$"
ƞK~l#ɕ	A549 ȡȼ(ĊȈ÷ôʚ'Ĭ8 TGF-β Ñǘ<×
ȡȼ(ĊȈ÷ôʚ' 	"t-ơģ<ɔ	D~g)ƥǕɨĶ<ȉ
	*) p<0.05<ȉ	 
 
 RBM47 ( knockdown '5"ď× Nrf2 (ƥǺʐ¢ĝ')ȡȼ( side 
population'Ĭ"3ʘə&ÿĝó/98$Ȅ69"	8	55 #A549ȡ
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ȼ( side population(ȡȼžđÜ' 	"(ơɡ<ɔ	A549ȡȼ( side population
'ó/98ȡȼ)Ƿŀȡȼ$ɑÔȷŗ(ŗɴ<ȉ"7ɂǵ(śŗÜ'ʡ;8
$Ê"	8	56,57 ƍÍ'Hoechest33342<ǫ	" A549ȡȼ<ƛɎl
OA_x_'57 450 nm (Hoechst Blue) $ 675 nm (Hoechst Red) (ɒ¾ǁʞ<
ơÉ	Áȡȼž'Ĭ8 side population(Õî)ABC_~StX( 
ABCG2(Ǆŗ<ĢÁ'ʣħ8$# side popultion(Õî<ţ8$Ȅ69"
	8 Fumitremorgin C (FTC) (Ǎ×'57ǉėȡȼÊǯ(Õî<Ǔģ8$#
ƺģ	58,59 lOA_x_(Ǔģ(ȥƙA549-Luc-shRBM47#1 ȡȼ$
A549-Luc-shRBM47#2ȡȼ)A549-Luc-shCTȡȼ'ƴ-"side population(ȡȼÊ
ǯ(Õîʸɐ'ď×8$Ê (ā 18A)	ĬǞǺ'TGF-βÑǘ<×
A549ȡȼ#)side population(ȡȼÊǯ(ÕîǑı8$Ê (ā 18B)	
96(ȥƙ6RBM47)ʖȟǉɱʚ$ side population(Õî<ţÐ8$ȉ
û9	ō"RBM47) side population(ţÐ' 	")ǅ( TGF-β$)
æĬ(§ǫ<ȉ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ā 18. RBM47( knockdown'58 A549ȡȼ( side population(Õî(đÜ$
TGF-βÑǘ<× A549ȡȼ( side population(Õî(đÜ 
ˀAˁHoechest33342# A549-Luc-shCTȡȼ (shCT)A549-Luc-shRBM47#1ȡȼ 
(shRBM47#1)A549-Luc-shRBM47#2ȡȼ (shRBM47#2) <ƛɎl
OA_x_<ǫ	"450 nm (Hoechst Blue) $ 675 nm (Hoechst Red) 
(ɒ¾ǁʞ<ơÉ	A549-Luc-shCTȡȼ' Fumitremorgin C (FTC) <Ǎ
×ǉėÊǯ< side population $"A549-Luc-shCT ȡȼ
A549-Luc-shRBM47#1ȡȼA549-Luc-shRBM47#2ȡȼ( side population(
Õî(đÜ<Ǔģ	 
ˀBˁHoechest33342# A549ȡȼ (NTC) $ TGF-βÑǘ<×"6 24ƉʠŌ
( A549ȡȼ (TGF-β) <ƛɎlOA_x_<ǫ	"450 nm 
(Hoechst Blue) $ 675 nm (Hoechst Red) (ɒ¾ǁʞ<ơÉ	A549ȡȼ
' Fumitremorgin C (FTC) <Ǎ×ǉėÊǯ< side population$"
A549ȡȼ$ TGF-βÑǘ<× A549ȡȼ( side population(Õî(đÜ
<Ǔģ	 
 
5. RBM47(ɂǵďĔʃł(Ðŏ  
 =ȡȼ(ďƱʃł'Ĭ8 RBM47(§ǫ' 	"ơɡ<ɔ	ƍÍ' 
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A549-Luc-shCTȡȼA549-Luc-shRBM47#1ȡȼA549-Luc-shRBM47#2ȡȼ< 6 cm 
dish 'ŶȐ	2 ƆŌ$ 4 ƆŌ(ȡȼž<ǓģȥƙA549-Luc-shRBM47#1 ȡ
ȼ$ A549-Luc-shRBM47#2ȡȼ(ȡȼž)A549-Luc-shCTȡȼ'ƴ-Ǒı8$
ɝī9 (ā 19)	 
 
 
ā 19. RBM47( knockdown'58 A549ȡȼ(ďƱʃł(đÜ 
A549-Luc-shCT ȡȼ (shCT)A549-Luc-shRBM47#1 ȡȼ (shRBM47#1)
A549-Luc-shRBM47#2ȡȼ (shRBM47#2) < 2Ƙ( 6 cm dish' 100,000°
 ŶȐ (0ƆǾ)2ƆǾ$ 4ƆǾ' cell count'57ȡȼž<Ǔģ	
n[_)2Ƙ( 6 cm dish(ȡȼž(ľĆ²<ȉ	 
 
 Ƭ'c`uBS'A549-Luc-shCT ȡȼA549-Luc-shRBM47#1 ȡȼ
A549-Luc-shRBM47#2ȡȼ<ǼȎƠɂǵ(Ĕ<Ǔģ	ǼȎƠ<ɔ
"64 ʆʠŌ(ɂǵ(Ĕ<ǓģȥƙA549-Luc-shRBM47#1 ȡȼ
A549-Luc-shRBM47#2 ȡȼ<ǼȎƠc`uBS(ɂǵ(Ĕ)
A549-Luc-shCTȡȼ<ȎƠc`uBS(ɂǵ(Ĕ573Əŝ'ď×8
$ɝī9 (ā 20A, B, C, D)	ō"A549ȡȼ(ǼȎƠ(ȥƙ)in vitro
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#(ȡȼďƱ(ȥƙ (ā 19) $)Ǳ&8ȥƙ<ȉ	(ǧǬ( $"
RBM47( knockdown'57 side populationď×ǷŀȡȼÊǯď×$
ĩ8êȽŗȵ698 (ā 18)	/RNA-seq (ɞƗȥƙ6RBM47 (
knockdown'57fibrinogen alpha chainfibrinogen beta chainmatrix metalloproteinase-7
vitronectin $	ȡȼĒu_[JS<ƣŠ8XhJɴ(ǸǦď×"7
ɂǵ<Ā1őİǨĎ(đÜ3ÿ$"ȵ698	 
 
 
ā 20. RBM47( knockdown'58 A549ȡȼ<c`uBS'ǼȎƠ$
(ɂǵ(ďĔȽ(đÜ 
ˀAˁA549-Luc-shCT ȡȼ (shCT) $ A549-Luc-shRBM47#1 ȡȼ (shRBM47#1) 
<c`uBS'ǼȎƠ24 ƆŌ(ɕǺ&uBS(Åȁ<ȉˀ
 61 
ā 	ˁƚ#Ā"8š)ï±ǥ#ɂǵ<ũĔÅȁ<ȉˀā 	ˁ 
ˀB Aˁ549-Luc-shCTȡȼ (shCT) $A549-Luc-shRBM47#1ȡȼ (shRBM47#1) <
c`uBSˀí 9 Þˁ'ǼȎƠ24 ƆŌc`uBS(ɂǵ(ʞ
Ŋ$ȅȤ<Ǔ7` [_n[_'57ɂǵ(Ĕ<ȉ	ƧȪ)ľĆ
²<ȉ	 
ˀC Aˁ549-Luc-shCTȡȼ (shCT) $A549-Luc-shRBM47#2ȡȼ (shRBM47#2) <
c`uBS'ǼȎƠ24ƆŌ(ɕǺ&uBS(Åȁ<ȉˀ ā 	ˁ
ƚ#Ā"8š)ï±ǥ#ɂǵ<ũĔÅȁ<ȉˀā 	ˁ 
ˀDˁA549-Luc-shCT ȡȼ (shCT) $ A549-Luc-shRBM47#2 ȡȼ (shRBM47#1) 
<c`uBSˀí 6 Þˁ'ǼȎƠ25 ƆŌc`uBS(ɂǵ(
ʞŊ$ȅȤ<Ǔ7` [_n[_'57ɂǵ(Ĕ<ȉ	ƧȪ)ľ
Ć²<ȉ	 
 
Ƭ'c`uBS'A549-Luc-shCT ȡȼA549-Luc-shRBM47#1 ȡȼ
A549-Luc-shRBM47#2 ȡȼ<ĲʰȾǂ'57ȎƠ7 ʆʠŌ(ɂǵʚ<ƴɻ	
photon count '57ɂǵ(Ĕ<ǓģȥƙǼ'ȎƠĤʼ$ïƤ'
A549-Luc-shRBM47#1 ȡȼA549-Luc-shRBM47#2 ȡȼ<ȎƠuBS'	"
ɂǵ(ďĔɝī9 (ā 21A, B)	RBM47( knockdown'58c`uBS(ɂ
ǵ(ďĔ­ʇ¸ñ)Kaplan-Meier '58 RBM47 (ǸǦʚ'Ċ!	ȹɅǷŚȶ(
ǩĞǥ(ɞƗ(ȥƙ$¸ñɋ8 (ā 6B)	 
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ā 21. RBM47( knockdown'58 A549ȡȼ<c`uBS'ȤĲʰȾǺ'Ȏ
Ơ$(ɂǵ(ďĔȽ(đÜ 
ˀAˁA549-Luc-shCT ȡȼ (shCT) $ A549-Luc-shRBM47#1 ȡȼ (shRBM47#1) 
<c`uBS'ĲʰȾȎƠ6 ʆʠŌQlC~V?[UA<ɔ
	photon count '57ȹ,(ɺȎ<ybXK	ph/s ) photon 
counts/sec<ȉ	 
ˀBˁ`[_n[_'57A549-Luc-shCTȡȼ (shCT) <ĲʰȾǂ'57Ȏ
Ơc`uBSˀ 6Þ $ˁ A549-Luc-shRBM47#1ȡȼ (shRBM47#1) <
ĲʰȾȎƠc`uBSˀ10Þˁ(lE_GB_<ȉ	ƧȪ)
ľĆ²<ȉ	 
 
ç ďđèRBM47ć KEAP1Ď CUL3Ć mRNAą¡.÷èhèKEAP1 Ă CUL3ĆĨŀ
İĞÇĆĕÐøĒèëĒìćʠŮǺ' p21/CDKN1A4MafK(mRNA(ǸǦ<ţ
Ð8$#Nrf2Ć_(ĕe"øĒõĂñ3öēü (6 9, 11 12, 13, 14)éûĆ¡sè
RBM47ćÖÆØĂ side populationĆ%.ĕe"÷è©²Ć°9=ÎPĕe"÷
üĂ§îĐēĒ (6 20A, B, C, Dè6 21A, B)éûĆmāèRIP-seqĆ¾rðĐèNrf2Ć"
[5>;ąčèATP5LĎNDUFS6ĄăĆ5>ĆmRNAą RBM47ñ¡.÷èNrf2 È
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ĕöùąèÖÆØĎ°Ć9=­ąÚĔĒ5>ĕ"[÷ü+­_č§îĐēĒéĊ
üèRBM47Ć knockdownąďđèside populationĆ%.Ć9&ñ½Göēü (6 18)éõē
ĊāąèA549 ȡȼ( side population (ȡȼ<uBS'ĲʰȾȎƠ8$non-side 
population (ȡȼ<ĲʰȾȎƠuBS'ƴ-"ɂǵ(ďĔʃłʇ8$
ñ82öēĀìĒé57 ðĐèRBM47Ć knockdownąďđèA549¬Ć side population
Ć%.ñ9&÷üõĂāèMà®uąďĒ°ñ9=÷ü+­_ñ§îĐēüé  
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ȵī  
 ƓȆȒ#)TGF-β'5"ǸǦʸɐ'ţÐ98 RNAȥîXhJɴ$"
RBM47 <ïģ	RBM47 ćè©²ŁŁªąïìĀ÷ĀïđèĜŀĻęŀĆ
īłĨĴłĤĕìĀ¾r÷ü¡sèą©²`¨ąïìĀèRBM47 ĆĆLñ
XµąÚøĒõĂñ3öēüémèąïìĀćèRBM47 ćèĆÐ·ĎË
ĕe"øĒòñëĒõĂñ82öēĀìĒé60ç īłĨĴłĤĆ¡sðĐčè`¨ą
ïìĀèRBM47 ĆĆLñXµąÚøĒõĂñ3öēĀìĒé47 ÷ð÷è
Ă©²Ć`¨ĆXąÿìĀÌĕ·þüÞè©²`¨Ćmñã¶ą:(÷üõĂ
ðĐè©²ćRBM47Ć:(ĆVâĕ*ôĎøìõĂñ§îĐēèqāćèą
©²ąïôĒ RBM47Ćz­ą÷Ā¾rĕ·þüé 
ç qāćèRBM47ñKEAP1ĎCUL3ĆmRNAą¡.øĒõĂĕ÷üéĊüèRBM47
Ć knockdown ąďđèKEAP1 Ď CUL3 ĆĨŀİĞÇĆØĆLñ½GöēüéõĆõ
ĂðĐèRBM47ćKEAP1ĎCUL3ĆmRNAą¡.÷èKEAP1ĎCUL3Ć¦¿ĕÐ÷è
Nrf2 Ć_ĕe"øĒõĂñ§îĐēĒé
XèKEAP1 Ď CUL3 ĆĨŀİĞÇĆ@B_ą
HøĒĎèkI_/ĕìüĕ·íõĂñ\»āëĒéĊüèRBM47 ć
p21/CDKN1AĎMafKĆmRNAąć¡.÷ĀìĄðþüñèRBM47Ć knockdownąďđ
p21/CDKN1A Ď MafK Ć mRNA ñ9&÷üõĂðĐèRBM47 ñÙhą
 65 
p21/CDKN1A Ď MafK Ćĕe"øĒõĂñ3öēüéûĆ¡sèRBM47 Ć
knockdownąďđèNrf2Ć_ñ9&÷è¬ĆÖÆØĂ side populationĆ%.ñ9
&øĒõĂāè°Ć9=ÎPĕ	ÐöúüõĂñ§îĐēĒ (6 22)é©²¬āćè
Nrf2³ÊĎèNrf2Ć ¾ąÚĔĒKEAP1ą:ñþĀìĒõĂñĐēĀïđèNrf2ñ
@B(÷è©²ĆXµąFøĒõĂñ3öēĀìĒé24,25 A549¬āćKEAP1
ą:ñþĀìĒõĂñĐēĀïđèNrf2 ñ@B(øĒé24 qāćèRBM47 Ć
knockdownąďđèKEAP1ĎCUL3ĆñL÷èNrf2ĆyÓ>ĆAREÔĈĆ
¡.­ñ9&øĒõĂñ ðþüéYþĀèKEAP1ą:ñþĀčèAą Nrf2Ć_
ñe"öēüĔôāćĄóèRBM47 ĆñLøĒõĂąďđèKEAP1 Ď CUL3 Ć
ñLøĒõĂāèNrf2Ć_ñÐöēüõĂñ§îĐēĒé 
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ā 22. ƓȆȒ#ɞƗȹɅǷȡȼ'8 RBM47(§ǫƩƣ 
RBM47 )KEAP1 $ CUL3 Ć mRNA ą¡.÷ĀĨŀİĞĕÐ÷èm
p21/CDKN1A ĂMafKĕe"øĒõĂā Nrf2Ć_ĕe"øĒõĂñ3öēĒé 
 
ç TGF-β ıĖĶļłĆĢęĬĝęŀćè}O¬Ď¬āè<áĄW%ĕsüøéTGF-β
ıĖĶļłĨŀİĞÇĂûĆĆ Smad ĨŀİĞÇćèRNAąËöēüXĆ"[ĕ,Ēõ
Ăñ82öēĀìĒéDavis ĐćèSmad ĨŀİĞÇñèmiRNA ĆĳĿĦģŀğĕ·í
DROSHA Ăº.ĕTcøĒ5>ĕ9&öúèmiRNA Ć:ĕ"[øĒõĂĕ82÷üé
61 TGF-βćè"[_ T¬Ć9&ą×»āëĒ CCL22Ćĕe"øĒmiR-34aĕ1ċ
xêĄ miRNA Ćĕ"[øĒõĂč82öēĀìĒé62 miRNA Ć"[z­ą&îè
TGF-βć RNA¡.ĨŀİĞÇĆĕ"[øĒõĂčĐēĀìĒéõēĊāèdNøĒ
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DāćèESRP1 Ă ESRP2 ñ TGF-β ąďþĀËĕ÷Āe"öēèfibroblast growth 
factor receptor 2 (FGFR2) ĆmRNAĄăĆèºlĆ mRNAĆÒfĤĳĻęģŀğĕ÷
ĀèEMTĕe"øĒz­ĕpøĒõĂĕ82÷Āòüé42 qāćèTGF-βñ RBM47Ć
ĕRóe"øĒõĂĕ÷èĊüRBM47ñKEAP1ĂCUL3ĆmRNAą¡.÷èKEAP1
ĂCUL3ĆĨŀİĞÇĆĕÐöúĒõĂāNrf2Ć_ĕe"öúè°Ć9=ĕe"
øĒõĂĕ3÷üéNMuMG¬ąïìĀèTGF-β#ąďđe"öēĒRNA¡.Ĩŀİ
ĞÇĕÌ÷üĂòèRBM47 ć ESRP2 ąĉèTGF-β ąďþĀã¶ąe"öēĒĨŀİĞ
ÇāëĒõĂñ ðþü (¸ 2)é A549-Luc-shRBM47¬ąïôĒÓ>Ć:'ćè
TGF-β #ąďþĀ:'øĒÓ>ĂÚ÷Āìü (6 10A)éYþĀèRBM47 Ć
Lñ TGF-β Ć<UĄĆÔĕÃnøĒĸĝĮĥķĂĄþĀìĒõĂñ§îĐēĒé
÷ð÷èTGF-βąďþĀÂJöēĒ SnailĎ SlugćèRBM47Ć knockdownąďđñ
LøĒĄăèTGF-β ĆyÓ>ĆìóÿðćèRBM47 ąďþĀĄĒ"[ĕ*ôĀïđ 
(6 10B) èNrf2 ĆyÓ>Ć"[čĊüè<óćõēąÁS÷üéõĆõĂć side 
population Ć%.Ć:(ĕ1Čè\ù÷čøĉĀĆ Nrf2 ÚÏTÇąÿìĀ RBM47 Ć
knockdown Ă TGF-βÑǘ(ȥƙɋ&$$ʡʅ8êȽŗ8	 
ç Cancer Genome Atlas Research Networkā©²Ć >ĳĿıĖęļŀğāćèKEAP1Ć
:ć°Ć 19%ā½GöēèNrf2 ĨŀİĞÇĆć KEAP1 Ć:ĆąÚø
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ĒĂ82öēĀìĒé63 Hast ĐćèKEAP1Ó>Ć 18Ć:Ćz­Ć¾rąďđèA549
¬ąïìĀG333CĆ:ćKEAP1Ć CUL3ĈĆ¡.ĕÿmāèNrf2ĈĆ¡.ĕ
QöúĒõĂĕ÷üé50 qāćèRBM47 ĕ knockdown ÷ü¬āćèKEAP1 Ă
CUL3 ĆĨŀİĞÇĆØñL÷üñèNrf2 ĆĨŀİĞÇĆØą:(ć½Göē
ĄðþüéûĆmāèRBM47 ĕ knockdown ÷ü¬āć Nrf2 ĆĠįķąHøĒ¡.­
ñ	Ð÷ĀïđèNrf2 ĆyÓ>Ćñ	ÐøĒõĂñ ðþüé õĆ½G¡sćè
KEAP1 ą:ñëþĀčèNrf2 Ć_ĕÛEøĒz­ĕ~øĂìíoÍĆ¼Ă´øĒ
õĂñ ðþüé50 ĊüèRBM47 ĕ knockdown ÷ü A549¬āć HMOX1Ć AREÔ
ąHøĒNrf2Ć¡.­Ć:(ñã¶āćĄìąčÚĔĐùèHMOX1Ćĕ	Ðöúü
māèRBM47ĕ knockdown÷ü H441¬āć HMOX1Ć AREÔąHøĒ Nrf2Ć
¡.­ĕ	ÐöúĒõĂñ½GöēüéYþĀèõĆÛEĆzwćèyÓ>Ď
¬ąďþĀÑíõĂñ§îĐēĒ (6 13A, B)é&îĀèNrf2ĆyÓ>āëĒ NQO1ćè
RBM47 Ć?7āčæìĕ÷ĀïđèRBM47 ĕ knockdown ÷ü A549 ¬āćè
ðĄĆ	Ð÷ð½GöēĄðþüéõĆďíĄË_Ć"[ąïôĒyÓ>
ĆÒf_ćèTGF-β ĆąëĒ Smad ıĖĶļłāč½GöēĀïđèĠįķąïôĒ¡.
Õ!ĂËW5>ĆÑìąďĒĂ§îĐēĒé38,64,65 ²¬āćèTGF-βñ Bach1
Ăąó Maf family ĆË5>ĕ9&öúĒõĂāèNrf2 ąďĒÖ(ĤĬľĤ]ĕÛE
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øĒõĂñ82öēĀïđèqāčìü A549 ¬āćĄĒ¡sñ½Göēüé53
ĆõĂĕÉĊîĒĂèRBM47Ć knockdownąďđèÿĆ ÈĆ5>Ć9÷ü¡sè
Nrf2ĕ÷üË_ñÐ÷üĆāćĄóèNrf2Ć_ąÚøĒ-Ýĕ"[øĒºl
Ć5>Ć:(ñ×Ąđ.þĀèNrf2ĆËz­ñÐ÷üõĂñ§îĐēĒé 
ç Cancer Genome Atlas Research NetworkðĐčèRTK-RASĎ PI3K-mTOR ÈĆ_Ć
zwĄăāè°ąĠįķĆ:ñëþĀčèûĆ5>ñ{iøĒõĂāè-ģğĭĽ 
ÈĆ_ñ:(øĒõĂñ82öēĀìĒé63 õĆõĂðĐèNrf2 ĨŀİĞÇĆćèNrf2
 ÈĆ_(ĆÿĆgyĂ÷ĀìĐēĀòüñè©²¬āĆOĄ Nrf2 Ć_
(ćèNrf2ĨŀİĞÇĆĆ:(ýôāćÃnñ) āëđèqā÷üďíĄ
ĆģğĭĽ Èąďđ Nrf2ñ_(ĕ"[øĒzwñëĒõĂñ3öēĒé 
ç õēĊāĆ RBM47 ĆāćèRBM47 ĕR"öúĒĂèĵĚĤĆ ES¬ąïìĀ
Nanog Ć mRNA ą¡.øĒõĂñ82öēĀìĒé66 &îĀèħĲĻıĘĪģĺĆąï
ôĒ RBM47 Ćz­ĆĵęĞĿėľęĆ¾rðĐèRBM47 ć«āxą÷ĀïđèWnt
ģğĭĽ Èĕ"[øĒõĂñ82öēĀìĒé46 ĊüèoÍąĄđèRBM47 Ă RBM47 Ć
:ĕìüCåąďđèWntģğĭĽĆe"ĕ÷ĀèRBM47ñĆ¯Ëĕeî
ĒõĂñ82öēüé60 VanharantaĐĆ deep sequencingĂ cross-linking immunoprecipitation 
(HITS-CLIP) Ć¾rąďđèR"öēü RBM47ćą mRNAĆ 3’UTRą¡.
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÷èÒfĤĳĻęģŀğĕ"[øĒõĂñ3öēüé÷ð÷èVanharanta ĐĆ82ąďĒĂè
¾röēü RBM47Ć¡.Ĺĩłıćè$ą Ray ĐąďþĀ82öēü“GAUGAU”ĆÕ
!ĂćĄđè67 ĚĻģĽĆÏ¢Õ!āëþüéHITS-CLIP ĆĻęĲĻļłÄ¹ĳĿĬġĽĕ
§bøĒĂèõēñąRBM47Ć¡.Õ!āëĒð0ðć
XĆvÀñ\»Ă^ĔēĒé
qā÷üRIP-seqĆīłĨðĐčèRBM47ć¬ĆÅąÚĔĒ5>āëĒATP5L
ĎNDUFS6ĆmRNAĎĆmRNAąčèh¡.øĒõĂñöēü (6 15A, B, C)éõ
ēĐĆ¡sćèRBM47ąćºlĆyÓ>ñëĒõĂĕ3÷ĀìĒéYþĀèĄĒ
¬tāćèRBM47ĆĆĨłĠĪĬąÚÏ÷üÑíıěįĨęĳñēĒ+­_ñëĒé 
ç FossatĐćèRBM47ñAPOBEC1ĕ÷ĀèģĬģŀĕĚĻģĽą:îĒRNA¤ßĆz­
ñëĒõĂĕ÷ĀìĒé45 õĆ¡sðĐèRBM47ć RNAĆ@B_Ď¦¿ĕ"[øĒ+­
_ćëĒmāèAPOBEC ıĖĶļłĕ÷Ā RNA ¤ßąďđ°ĕÐøĒõĂñ3ö
ēĒé68,69 ÷ð÷èqāìü A549¬Ć RNA-seqĆīłĨĂ ChIP-seq āìüĠ
įķÕ!ĆīłĨðĐćèKEAP1Ď CUL3 ąïôĒ RBM47 ąďĒ RNA¤ßĆ:(ć½
GöēĄðþüéûĆĂ÷ĀèRNA-seqāĆīłĨØñÜĐēĀìĒõĂèAPOBEC1ñ
K±ą÷ĀìĒĨŀİĞÇāëđèA549¬āćAPOBEC1ĆØñLĄì
õĂñ§îĐēĒéYþĀèRBM47 ñ¡.øĒ RNA Ď RBM47 ąďþĀ"[öēĒz
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 ƓȆȒ#)TGF-βÑǘ<× NMuMGȡȼ#ƍ3ǸǦǑı RNAȥî
XhJɴ$" RBM47<ïģ	/F~A(^XpS<ɞƗ
ȥƙRBM47(ǸǦ¤	ȹȪǷŚȶ#)Ōś&8$ȉû92
ȹɅǷ'8 RBM47 (ŉÕ' 	"ɞƗ	ƍÍ'NMuMG ȡȼ$ïƤ'
A549ȡȼH441ȡȼ'	"3TGF-β RBM47(ǸǦ<ţÐ8$<ɝī
	/H441ȡȼ#)ȹɅǷ'	"ŌɍĚÿĝ$"ʘə#8 TTF-1
 RBM47(ǸǦ<­ʇ8$Ê	Ƭ'RBM47(ƩȽ<ɞƗ8
2ŘĺǺ' RBM47< knockdowon A549ȡȼƜ(§ɗ$ A549ȡȼ'ǸǦ
8 RBM47'Ĭ8 RIP-seq<ɔ	(ȥƙA549ȡȼ'	"RBM47)
Nrf2 (Ǆŗ<ţÐ8 KEAP1 $ CUL3 ( mRNA 'ȥîNrf2 (ƥǺʐ¢ĝ(Ǹ
Ǧ<ţÐ8$Ê	/RBM47 )Nrf2 (Ǆŗ<ţÐ8 KEAP1 $
CUL3(XhJɴ(ǸǦ<­ʇNrf2(Ǆŗ<­ʇ8 p21/CDKN1A$MafK(
mRNA(ǸǦ<ţÐ8$Ê	ƌ'A549ȡȼ'	"RBM47) Nrf2
(ƥǺʐ¢ĝ( AREʒ£,(ȥîȽ<ţÐ	Ƭ'Nrf2(ƥǺʐ¢ĝ')ȡȼ
(ʖȟǉɱʚ4 side population(Õî<­ʇ8ÿĝó/9"	82RBM47(
ʖȟǉɱʚ4 side population'Ĭ8§ǫ<ɞƗ	(ȥƙA549ȡȼ'	"
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